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Abstract 
Introduction: The WHO (World Health Organization) (2008) stated that infant and young 
child feeding practices directly affect the nutritional status of children of two years of age and 
under. Two fundamental stages in child development are the prenatal period and the first two 
years after birth - the so called “first 1000 days of life”. During that stage of development, 
rapid growth will occur; however any nutritional deprivation experienced may cause 
perpetual damage to the child for the rest of the child’s life. Growth is used globally as an 
indicator of a child’s wellness and is associated with their survival rate. Placing focus on and 
improving infant and young child feeding practices in this age group of children, is vital to 
promote growth, health and development (WHO, 2008). Wasting exists in South Africa at a 
low prevalence and stunting persists and is at a prevalence of 26% in children under 3 years 
of age (Shisana et al., 2013). Breastfeeding practices in South Africa are also known not to be 
at an optimal level. Though there is a large amount of literature on infant feeding practices in 
the context of the PTMCT (Prevention of Mother-To-Child Transmission), there are only a 
few publications that have described the association between infant feeding practices and 
growth during infancy. Furthermore the lack of historical information on infant feeding 
practices hinder the possibility to assess how infant feeding practices and its relation to infant 
growth, have changed since the Integrated Nutrition Program that was put in to place in 1995.  
Aim: This study aims to determine the association between infant feeding practices and 
growth at 1 and 2 years of age in the Birth to Twenty Cohort in 1990-1992. 
Method: The study is a secondary analysis study using data from the prospective Birth to 
Twenty cohort study which included 3273 children. The exposure variables in this study were 
infant feeding practices at 1 and 2 years (infants ever breastfed, duration of breastfeeding and 
age at introduction of solid and semi solid foods). The exposure variables were growth at 1 
and 2 years (HAZ (Height-for-Age Z–score), WHZ (Weight-for-Height Z-score), stunting 
and wasting). Covariates associated with child growth were included in the analysis: 
household socio economic status, household water access, household density, maternal 
education, child health and disease status, ethnicity, parity, birth weight and gestational age. 
Multilinear regressions were used to assess whether the association between infant feeding 
practices and growth remains after adjusting for the covariates. 
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Results: The primary Birth to Twenty study had more than 35% loss to follow up at 18 years. 
Participants included in the statistical sample were compared to participants excluded from 
the analytical sample according to their demographic data and birth characteristics. The two 
samples differed in their ethnic composition (p<0.001), their quality of access to water 
facilities (p<0.01, level of maternal education (p<0.00) and gestational age (p<0.03). In this 
study, 97.3% of infants were ever breastfed, the mean duration of breastfeeding was 11.6 
months and the mean age at introduction of solid and semi-solid foods was 3.6 months. The 
prevalence of stunting at 1 and 2 years was 8.4 % and 20.5% respectively. The prevalence of 
wasting at 1 and 2 years was 2.2% and 4.8% respectively. A month’s increase in duration of 
breastfeeding was associated with a decrease in HAZ by 0.01 and 0.02 z-score at one and two 
years respectively. A month’s increase in the duration of breastfeeding was associated with 
an increase in stunting. No statistically significant associations were seen between the other 
infant feeding variables and growth indices (ever breastfed, WHZ, and wasting). 
Conclusion: A negative association was observed between duration of breastfeeding and 
HAZ at one and two years. This study contributes to other studies that noted this association 
without accounting for the quality of complementary feeds given during the duration of 
breastfeeding. This information provides a baseline form of evidence and information against 
which current infant feeding practices and growth can be compared to. 
Keywords: infant feeding practices, growth, breastfeeding, complementary feeds, stunting, 
wasting, South Africa.  
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1. Introduction  
1.1 Background 
In 2008, the UNICEF (United Nation’s Children Fund) described a conceptual framework 
that helps to describe the causal factors associated with early child undernutrition. It first 
describes immediate causes that operate at the individual level, which includes feeding 
practices or inadequate dietary intake and diseases. The framework then goes on to describe 
underlying causes at the household and community level, which includes socio-demographic 
factors, poverty and inadequate access to health care services. Basic causes that include the 
structure and processes of society were also pointed out. These include socio-economic and 
political factors.  
The WHO (2008) stated that infant and young child feeding practices directly affect the 
physical growth of children of two years of age and under. Two fundamental stages in child 
development are the prenatal period and the first two years after birth - the so called “first 
1000 days of life”. During those stages of development, rapid physical growth and 
development will occur; however any nutritional deprivation experienced may cause 
perpetual damage to the child and for the rest of the child’s life (Tomlinson and Landman, 
2007). “Child’s growth is the most widely used indicator of nutritional status and it is 
internationally recognised as an important public health indicator for monitoring health in 
populations” (Blossner, 2006: 145). Growth is used globally as an indicator of a child’s 
wellness and is associated with their survival rate (Cameron et al., 1998). Placing focus on 
and improving infant and young child feeding practices in this age group of children, is vital 
to promote child physical growth, health and development (WHO, 2008). Results from a 
study by Adair and colleagues (2013), showed that in fact putting interventions into place to 
increase birthweight and physical linear growth during the first two years of life is likely to 
result in gains in height and schooling and prevent the development of adult chronic disease.  
Stunting and wasting in children are two forms of undernutrition that reflect physical growth 
faltering and nutritional status. Stunting indicates slowed linear growth that is associated with 
growing up in low income household, poor maternal education, poor child care practice and 
repeated exposure to severe infectious diseases in early childhood (such as measles, 
diarrhoea, pneumonia, meningitis and malaria (Black et al., 2013). A child is diagnosed as 
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stunted when his/her child height-for-age (HAZ) is below -2 z-score of the median of the 
WHO Child Growth Standards (UNICEF, 2013). Wasting rather reflects acute undernutrition 
and is diagnosed in a child when his/her weight-for-height (WHZ) is below -2 z-scores of the 
median of the WHO Child Growth Standards (UNICEF, 2013). 
Stunting causes short term effects in the young child such as poor physical and cognitive 
development (Black et al., 2013). In the long term, it is also associated with poor health 
outcomes such as obesity, hypertension, and type 2 diabetes later in life (Barker, 1997; 
Victora et al., 2008; Adair et al,. 2013). Globally, in 2011, 165 million children under-5 years 
of age were stunted (Black et al., 2013). East and West Africa and south-central Asia have 
the highest prevalence of stunting with a prevalence of 35.6% or 56 million in Africa and 
26.8% or 95.8 million in Asia (WHO, 2008).  
Children who are wasted are at an increased risk of mortality (WHO, 2008). Globally, the 
prevalence of wasting in children less than 5 years old decreased by only 11% from 1990 to 
2011, from an estimated 58 million children to 52 million children (WHO, 2012). The highest 
prevalence of wasting was seen in South Asia, with 16% of children moderately or severely 
wasted (WHO, 2008). In Sub-Saharan Africa, 9% of children were wasted in 2011, showing a 
10% decrease in prevalence since 1990. However, due to rapid population growth in Sub-
Saharan Africa, the area now presents with more than a third of children presenting with 
wasting (WHO, 2008).   
In that regard, the United Nations Sustainable Development Goals on Zero Hunger  aim, by 
the year 2030, to end all forms of malnutrition, including achieving the internationally agreed 
targets on stunting and wasting in children under five years of age and to address the 
nutritional needs of women of child bearing age, pregnant and lactating women (United 
Nations, 2015). The 2012 WHO Global Targets for Maternal, Infant and young Child 
Nutrition has set a goal to reduce by 40%, the global number of children under 5 years of age 
who are stunted by the year 2025 (WHO, 2012).  These two goals follow the Millennium 
Development Goal related to reducing the prevalence of underweight children, (WHO, 2012). 
In terms of infant and young child feeding practices for optimal child growth, it is currently 
recommended to promote (1) breastfeeding initiation within one hour after birth, (2) 
exclusive breastfeeding for the first 6 months of life and (3) continued breastfeeding up to the 
age of 2 and beyond, together with safe, age appropriate feeding of solid, semi-solid and soft 
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food starting at 6 months of age (UNICEF, 2013). Interventions to improve maternal nutrition 
have also been outlined as a strategy to reduce the prevalence of stunting and wasting. This 
will in turn improve foetal growth, reduce the prevalence of low birth weight and hence 
improve child growth and development. (UNICEF, 2013).  
In Africa, the prevalence of stunting was at 38% in 2010, and has not shown a substantial 
decrease, due to population growth and little improvement is anticipated in future years 
(WHO 2012). Sub-Saharan Africa is reported to have had an increase in the prevalence of 
stunting in children less than 5 years of age until the mid-1900s; and subsequently a modest 
reduction in the prevalence (Stevens et al., 2012). With an increase in population size in 
Africa, this region is the only region with an increase in the number of stunted children in the 
past 10 years (Stevens et al., 2012). These numbers indicate that there is an urgent need to 
assess infant feeding practices in order to improve infant and young child growth patterns. 
In South Africa, a recent review of current literature has discussed that stunting has been 
persistent in children under the age of 3 years old between 20 and 30% in the last 20 years 
(Said-Mohamed et al., 2015). In addition, according to SANHANES-1 (South African 
National Health and Nutrition Examination Survey), the prevalence of stunting among 1-3 
years olds showed an increase by 11.7% between 2005 and 2013 (Shisana et al., 2013). 
Severe stunting in the age group 0-3 years increased by 32.6% between 2005 and 2013 
(Shisana et al., 2013). This evidence further highlights the need to investigate child feeding 
practices during the first 2 years of life in South Africa (Said-Mohamed et al., 2015). 
1.2 Literature Review 
1.2.1 Infant feeding practices: definitions and situation in SA 
WHO (2008) recently defined several mode of infant feeding practices during the first year of 
life: (1) Exclusive breastfeeding where infants receive only breast milk (directly from the 
mother, expressed breast milk or wet nurse); (2) Predominant breastfeeding where infants 
predominantly receive breast milk (expressed or from a wet nurse) but may also receive water 
or water based drinks and fruit juice; (3) Breastfeeding where infants receive breast milk, as 
well as any food or liquid (non-human milk and formula); (4) Bottle-Feeding where infants 
receive any liquid or semi-solid food from a bottle with a nipple or teat, and (5) 
Complementary Feeding where infants receives milk and semi-solid or solid foods.  
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Globally less than 50% of infants are breastfed within the first hour of life, however this is 
said to be higher in least developed countries (52% in 2011), the region with highest rate 
being Sub-Saharan Africa (UNICEF, 2013). In 2011, the global estimate for duration of 
exclusive breastfeeding was less than 6 months, with continued breastfeeding until age 1 year 
at 76% (UNICEF, 2013). Southern Africa was amongst the region was the highest rate (52%) 
of exclusive breastfeeding in infants under 6 months old compared to other regions such as in 
West and Central Africa (25 %) (UNICEF, 2013). 
 
The UNICEF (2009) reported that only 7% of children under 6 months were exclusively 
breastfed despite the fact that 88% of mothers initiate breastfeeding soon after birth 
(UNICEF, 2009). Exclusive breastfeeding between 0-5 months was as low as 8.3 % and 
continued breastfeeding at 12 and 23 months was 73.7% and 30.6% respectively (Victora et 
al., 2016).  
 
A study by Zollner and Carlier (1993) was conducted on breastfeeding and weaning practices 
in rural region of Venda in 1990. The study found that almost all the children under the age 
of 2 years old were being breastfed however 58% of infants under 3 months old were 
receiving complementary foods and 40% of infants under 3 months old received 
carbohydrates on a daily basis; this increased to 95% between 3 and 5 months old (Zollner 
and Carlier, 1993).  
A study by Delport, Becker & Bergh (1997), on growth, feeding practices and infections in 
Black infants, was conducted at Kalafong Hospital Pretoria and consisted of a majority of 
infants from urban and rural economically disadvantaged communities. The study found 
breastfeeding was initiated in all of the infants (Delport, Becker and Bergh, 1997). At 1 
month old 95% of infants were breastfed, with remainder of infants either receiving formula 
only or formula and breastmilk; at 3 months old the prevalence of breastfeeding was at 90% 
and at 9 months old the prevalence of breastfeeding dropped to 81%, which remained the 
same at 12 and 15 months (Delport, Becker and Bergh, 1997). In terms of exclusive 
breastfeeding, at 3 months only 36% of infants were exclusively breastfed and this decreased 
to 7% at 6 months (Delport, Becker and Bergh, 1997). The study defined breastfeeding as 
exclusive when no additional food or milk was offered (Delport, Becker and Bergh, 1997). 
The large decrease in exclusive breastfeeding was due to the introduction of porridge, for 
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69% of the infant at 3 months of age and 99% of them at 6 months of age (Delport, Becker 
and Bergh, 1997). The breastfeeding initiation results in this study are consistent with the 
recent estimate of 88% for South Africa (UNICEF, 2009), however the prevalence for 
exclusive breastfeeding were low, again consistent with the prevalence for South Africa.  
Sibeko and colleagues (2005) reported breastfeeding practices amongst mother in the peri- 
urban township of Langa, situated on the outskirts of Cape Town. Results indicated that 22% 
of the sample received predominant breastfeeding and 78% received complementary 
breastfeeding (Sibeko et al., 2005). Early introduction of complementary feeds was common, 
with 32 % of infants receiving complementary foods at approximately one year of age 
(Sibeko et al., 2005). Xhosa woman from this region of South Africa feeds colostrum or 
“mtubi” as a respected tradition, explaining the high rate of infants that ever received 
breastmilk (Sibeko et al., 2005). Some of the mothers in the study cited financial difficulties 
as a reason for introducing complementary feeds at an early age, while 43% of the mothers 
tended to rely more on breastmilk in this situation (Sibeko et al., 2005). The subjects also 
reported that they believed strongly in giving their infants water frequently; a practice that 
contributes to milk displacement, interferes with milk productions and may also leads to 
contamination of infant feeds (Sibeko et al., 2005). This study proposed cultural reasons for 
the early cessation and high prevalence of ever receiving breastmilk (Sibeko et al., 2005). 
A cross-sectional study conducted in Limpopo, found that only 7.6% of mothers practiced 
exclusive breastfeeding and that 43.2% had introduced solid foods at three months and 15% 
before two months (Mushapi et al., 2008). A longitudinal study conducted in Limpopo found 
similar results with 44% of the infants exclusively breastfed in their first month of life. 
Furthermore, this decreased dramatically to 4.1% by 6 months old (Mamabolo et al., 2004). 
Early introduction of complementary feeds was noted, with 17.2 % receiving porridge in the 
first month of life. The prevalence of introduction of complementary foods at 3 and 6 months 
in these studies, are also consistent with results reported in the study by Delport, Becker and 
Bergh, (1997). 
The studies above look at breastfeeding practices in South Africa from 1990 to 2016 and 
cover various areas within the country. It is evident that there is a high prevalence of 
initiation of breastfeeding, however exclusive breastfeeding rates are low and are 
accompanied by a high prevalence of early introduction of complementary feeds. This shows 
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that despite changes in South Africa’s child nutrition policies, which are based on WHO 
recommendations; it is evident that the South African population is not adhering to WHO 
recommendation on infant breastfeeding and complementary feeding.  
 
Infant feeding practices in South Africa are furthermore complicated by the HIV/AIDS 
(Human Immunodeficiency Virus/Acquired Immune Deficiency Syndrome ) epidemic, a 
major public health concern and this has changed the way mothers have made decisions on 
how to feed their infant. In light of the policies on mother-to-child transmission, there was a 
shift away from breastfeeding and a move towards the use of breastmilk substitutes (formula) 
(Du Plessis et al., 2016). Initially in 2001, in the South African Prevention of Mother-To-
Child Transmission (PMTCT) programme, women were advised to choose either exclusive 
breastfeeding with early weaning at 4–6 months or exclusive formula feeding with free infant 
formula provided until 6 months. In 2011, the WHO changed infant feeding guidelines for 
HIV/AIDS infected mothers, encouraging exclusive and continued breastfeeding in both HIV 
positive and negative mothers (Du Plessis et al., 2016).  
As a result of continuous change to policy, particular harm to breastfeeding practices in South 
Africa may have been established from (1) health care provider confusion about infant 
feeding and HIV transmission through breastfeeding (2) lack of support for infant feeding 
counsellors (3) poor counselling skills (4) a disconnect between feeding recommendations 
and the socio-cultural context within feeding occurs (Du Plessis et al., 2016). 
 
1.2.2 Stunting and wasting in children under 5 years of age in South Africa 
Worldwide, young children between the age of 1-4 were found to be more stunting that older 
children aged 5-9 years old and no wasting was found in children 10 years or older (WHO, 
2014). Worldwide the prevalence severity of wasting has been classified as low (WHO, 
1995). Stunting and wasting are highly correlated with socio-economic status and 
environmental conditions (Zere and McIntyre, 2003) and this is consistent with associated 
food insecurity and household poverty (Labadarios et al., 2011). In line with the UNICEF 
causal framework of malnutrition, studies led in South Africa have reported higher 
prevalence of stunting in the more impoverished areas and communities (May and Govender, 
1998). There were five times more Black African children that were stunted and underweight 
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in comparison to white children (Zere and McIntyre, 2003) and, in the Limpopo Province 
malnutrition rates were found to be high among people with low socioeconomic status, 
especially the rural black African children (Saloojee et al., 2007). These observed tendencies 
were attributed to the large range of inequality in incomes and the apartheid heritage of 
strong associations between ethnicity, socioeconomic status and health outcomes (Griffiths et 
al., 2008).  
A systematic review by Monyeki and colleagues (2015) reviewed the available South African 
studies that reported the prevalence of undernutrition (stunting and wasting) and overweight 
in South African boys and girls between birth and twenty years of age, starting in the year 
1990. Wasting was less prevalent than stunting (Monyeki et al., 2015) and a higher 
proportion of stunting was found in children living in rural areas compared to urban areas. 
The prevalence of stunting ranged between 6.0% (between 5-9 years) and 30.6% (between 1-
9 years). Children staying in rural areas had a higher prevalence of stunting (20.6%) 
compared to children in urban areas (16.0%). Girls were also found to have a higher 
prevalence of stunting (18.9%) compared to boys (17.1%) (Monyeki et al, 2015). Similarly, 
the prevalence of wasting in children in rural areas (4.9%) was higher than that of children in 
informal urban (2.1%) and formal urban dwellings (2.6%).  
The SANHANES-1 (2014) recorded the highest prevalence of stunting in children in the age 
group 0-3 years old. According to the SANHANES-1, the prevalence of wasting in children 
under 5 years of age was 5.1% in 2005, which then had a clear decrease to 2.2% in  2013 
(Shisana et al., 2013). Nevertheless, Monyeki and colleagues (2015) mentioned difficulty in 
determining the change in prevalence in wasting in South Africa due to the different methods, 
sampling and growth references used in the existing nutritional surveys, which may  have 
induced a disparity in results (Monyeki et al., 2015). A systematic review by Said-Mohamed 
and colleagues (2015), highlighted the most recent stunting prevalence data by Shisana et al., 
2013 in the SANHANES-1 of 26.9% in boys and 25,9% in girls aged between 0-3 years of 
age, confirming that stunting amongst young children still persists as a public health burden. 
The above suggests that due to the available data it is difficult to establish whether wasting 
has decreased or increased in South Africa, however the prevalence of stunting in South 
Africa has stagnated and still remains as a public health burden. 
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1.2.3 Association between infant feeding practices and infant growth in South Africa 
Optimum nutrition during the first two years of life is essential to health and growth (Das, 
Salam and Bhutta, 2016). A major element of infant feeding in the early years of life is the 
provision of breastmilk and appropriate complementary feeds (WHO, 2003). Undernutrition 
is strongly associated with early physical growth failure as well as shorter adult height and 
thinness (stunting and wasting) (Das, Salam and Bhutta, 2016).  
 
A cross-sectional study conducted in Limpopo found that breastfeeding and weaning 
practices were not associated with infants’ nutritional-status outcomes, namely weight-for-
age, length-for-age and weight-for-length (Mushapi et al., 2008). A longitudinal study was 
conducted in the same province in infants from birth to age 12 months (Mamabolo et al., 
2004). Data collected included infant feeding practices and anthropometry at 1, 3, 6, 9 and 12 
months (Mamabolo et al., 2004). Of these infants, 48.9 % were underweight and 9.6% were 
stunted. However the growth pattern changed as the infants got older, with the infants 
gradually becoming stunted and overweight. Mamabolo and colleagues (2004) suggested that 
a decrease in the quantity of breast milk given and an early introduction of complementary 
feeds, such as maize meal and sorghum, provided the infants with “empty calories”; they 
were gaining weight due to the high carbohydrate content of the food, however lacking in 
nutrients and hence causing stunting (Mamabolo et al., 2004). Exclusive breastfeeding was 
found to be uncommon after 3 months of age, after which semi-solid and solid foods were 
introduced. There was a notable difference in the prevalence of breastfeeding between the 
studies. Mushapi and colleagues (2008) found a lower prevalence of exclusive breastfeeding 
and a higher prevalence of stunting while Mamabolo and colleagues (2004) found a higher 
prevalence of breastfeeding and lower prevalence of stunting. This may indicate possible 
protective effect of breastfeeding on stunting. However, there are discrepancies between the 
studies. The study by Mushaphi and colleagues (2008), did not report any association 
between breastfeeding and infant growth whereas the longitudinal study by Mamabolo and 
colleagues (2004) did report an association between breastfeeding and infant growth. 
In children from the Birth-to-Twenty longitudinal cohort study (BT20) in Soweto (South 
Africa), Kagura and colleagues (2012) investigated the association between nutrition and 
growth during early infancy, and body composition at ten years of age. There was no 
association between the duration of predominant breastfeeding, bottle-feeding or age at 
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introduction of solids and wasting or underweight at age 2 years (Kagura et al., 2013). Using 
the same data, Slemming and colleagues (2017) examined the association between various 
household and maternal exposures in early life and stunting at two years old. They found that 
a shorter duration of breastfeeding was significantly associated with an increased risk of 
stunting at 2 years but only in an unadjusted analysis. Indeed, in multivariate analysis, 
household socio-economic status and maternal education, distal factors of undernutrition, had 
a stronger and significant association with the risk of stunting at age 2 years (Slemming et al., 
2017). Using the same cohort, Gitau (2009) described complementary feeding practices at 
age one year and its association with infant growth at age 2 years. Ninety six percent of 
infants were introduced to solid foods when they were less than 6 months old, which included 
(listed in their ranking from most common to least common): mielie-meal (soft porridge or 
stiff mieliemeal), rice, meat and fish, cereals and grains, dairy and dairy products, vegetables, 
fruits, oils and fats and eggs. Nevertheless, Gitau (2009) did not find any association the 
dietary patterns at age one and growth at age two.  In summary, previous studies using BT20 
cohort data have looked at prevalence of wasting and stunting at 2 years and did not look at 
that prevalence at 1 year and how they change from 1 to 2 years. This does not allow the 
identification of the most sensitive period for growth faltering and undernutrition. In addition, 
only a few infant feeding practices were explored (exclusive breastfeeding, predominant 
breastfeeding, age at introduction of complementary feeds) and some were only used as 
categorical variable (duration of breastfeeding). Finally, it is also important to note that no 
studies have looked at the association between feeding practices, and stunting and wasting at 
1 year and at 2 years. This gap does not allow the assessment of the short and relatively long 
term effects of feeding practices during the critical first two years of life. 
Overall, the difference in results seen across the studies presented in this brief literature 
review could be due to (1) differences in feeding practices between the different populations 
investigated across studies, especially when population have different cultural background or 
education (2) longitudinal studies versus cross sectional studies (3) recall bias (4) data 
collection methods e.g. different questionnaires (5) differences between studies in terms of 
confounding factors affecting the relationship between infant feeding and growth (6) 
anthropometrical measurements accuracy and reliability  across studies and sample sizes (7) 
age range of children examined in each of the studies. It is clear that more studies need to be 
conducted in order to overcome those limitations and to understand the complex relationship 
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between infant feeding practices and children’s physical growth in the South African 
population and to identify what are the factors that influence infant feeding practices and 
physical growth in the first two years of life.  
1.3 Problem Statement 
In South Africa, the Department of Health initiated the Integrated Nutrition Programme in 
1995. It aimed to ensure optimum nutrition for all South Africans by preventing and 
managing malnutrition (Faber and Wenhold, 2007). One of the major strategies it outlined 
was “Dietary Diversion/Modification” which included behaviour change to improve 
consumption through communications, social marketing and nutrition education (Faber and 
Wenhold, 2007).  Recently, the Five years Roadmap for Nutrition for South Africa (2013-
2017) aims at prioritising nutrition and nutrition related. (Department of Health, 2013). Its 
main objective is to promote child growth and nutrition and prevent overweight and obesity 
by focusing on the optimization of nutrition during the first thousand days of life, which has 
been identified as a critical period for nutritional intervention programs (Department of 
Health, 2013). Nevertheless, the recent surveys and systematic reviews (Said-Mohamed et al, 
2015; Monyeki et al., 2015; Shisana et al., 2014) suggest that the prevalence of stunting and 
wasting has not changed dramatically despite 20 years of nutritional policies and intervention 
programs. The prevalence of stunting and wasting has remained high and the rate of 
exclusive breastfeeding has been very low, despite the policies implemented.  
According to the above literature, there is an early cessation of breastfeeding, poor adherence 
to standards on the recommended duration of breastfeeding as well as an early introduction of 
complementary feeding in South Africa. The evidence of early introduction of 
complementary feeds across the different regions in South Africa may present a possible 
association with the prevalence of stunting and wasting. Nevertheless, there is a gap in South 
African literature regarding the association between infant feeding practices (breastfeeding, 
complementary feeding etc...) and growth in infancy (Du Plessis et al., 2016). Studies 
regarding singular associations between specific breastfeeding practices (breastfed ever, 
duration of breastfeeding, age at introduction of solids) and undernutrition (stunting and 
wasting) in the first two years of life are lacking in the South Africa context. In addition, 
historical data on infant feeding practices and its association with infant growth during the 
first two years of life are scarce while it is vital to understand the history of breastfeeding 
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practices and its association with undernutrition (stunting and wasting) in South Africa in 
order to understand and put the current prevalence in to perspective.  
1.4 Justification 
The recent systematic review by Said-Mohamed and colleagues (2015) demonstrated that 
stunting has been persistent in South Africa and that this trend of under nutrition has stayed 
relatively constant in South Africa since the early 1990s. This serves a question as to 
whether, in South Africa, infant feeding practices have been adhered to and the association 
between those practices and infant growth (Department of Health, 2010).  
Furthermore, the first few years of life are vital as both physical and cognitive development 
take place. Any damage suffered in these stages may lead to permanent impairment and may 
also manifest itself in the development of the current generation in question’s offspring. A 
review paper by Victora and colleagues (2008), discusses how child under nutrition 
(underweight, stunting and wasting) has long term consequences for adult health and human 
capital (height, school achievement, economic productivity, and birth weight of offspring of 
the current generation). According to their study (Victora, et al., 2008), height-for-age z-
scores at 2 years old was the best predictor of human capital (productivity and the ability to 
earn an income); under nutrition was associated with lower human capital. Lower birth 
weight and stunting during childhood were associated with risk factors for high blood glucose 
levels, high blood pressure and high lipid profiles in adulthood (Victora, et al., 2008). 
Wasting was also linked to rapid post-natal weight gain suggested to be associated to 
inappropriate infant feeding practices such as early introduction of high calorie, carbohydrate 
rich complementary feeds. Accordingly, it is critical to assess the relationship between 
feeding practices, and more particularly breastfeeding practices, and growth during the first 
thousand days, in order to monitor growth and development. This will help prevent long term 
adverse effects on health and the recurring intergenerational cycle of poor nutrition and 
inadequate physical growth and development (Grantham-McGregor et al., 2007; Victora et 
al., 2008). 
Thus, this study use data from the Birth-To-Twenty (BT20) prospective birth cohort study to 
investigate on the association between breastfeeding practices in the first year of life and 
infant growth at age 1 year and 2 years in the 1990s in South Africa. BT20 is a longitudinal 
study conducted in Soweto, Johannesburg and has followed up children at birth from 1990 
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until they turned 24 years of age. This is the largest and longest cohort study conducted in 
Africa (Richter et al., 2007). This study will look at data from the first two years of the BT20 
cohort in 1990 to 1992. Unlike cross-sectional studies, the uncommon and distinctive 
longitudinal setting of the BT20 cohort study provide the advantage to best study the effect of 
infant breastfeeding practices on growth along the first two years of life.  Furthermore, this 
study describes breastfeeding practices in an urban area in the early 1990s. As such, this 
study will provide information on infant breastfeeding practices and its association with 
growth in the first two years of life at the beginning of the Integrated Nutrition Program, 
against which current practices can be compared to, in a period where, in South Africa, there 
was a lack of emphasis and nutritional interventions program (Harrison, 1995). Finally, this 
study will contribute to our understanding of the complex relationship between nutrition 
during the first year of life and growth during infancy. 
1.5 Aim of the Study: 
To determine the relationship between infant breastfeeding practices and growth at 1 and 2 
years of age in the BT20 cohort in 1990-1992. 
1.6 Specific Objectives: 
1. To describe breastfeeding practices, especially: 
a) To determine the prevalence of children that were ever breast-fed (infant who 
ever received breast-milk from their mothers) among children residing in 
Soweto- Johannesburg in 1990. 
b) To determine the duration of breastfeeding in children residing in Soweto-
Johannesburg in 1990 by means of questionnaire. 
c) To determine the age at weaning on to semi-solid and solid foods in children 
residing in Soweto Johannesburg in 1990. 
2.  To determine the prevalence of stunting (height-for-age z-score<-2 of the median of 
the WHO growth standard) and wasting (weight-for-height z-score<-2 of the median 
of the WHO growth standard)  at age 1 year old and 2 years old in children residing in 
Soweto- Johannesburg in 1990. 
3. To assess the relationship between breastfeeding practices and height-for-age z-
scores, stunting, weight-for-height z-scores, wasting all at age 1 year old and 2 years 
old in children residing in Soweto- Johannesburg in 1990. 
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2. Methodology 
2.1 Study Design 
The study was a secondary analysis study using data from the prospective BT20 cohort study. 
The BT20 cohort is a prospective study which began in 1990 to follow-up the growth of 3273 
singleton children born to women residing in Soweto-Johannesburg in South Africa (Richter 
et al., 2007). The BT20 study is an ongoing multidisciplinary study which tracks the growth, 
health, well-being and educational progress of urban children across the first three decades of 
their life (Richter et al., 2007). BT20 used a lifecycle approach and covers many of the major 
issues challenging the particular developmental phase of children, adolescents and young 
adults on whom data has been collected - See Appendix A (Richter et al., 2007). The study 
began during the antenatal period, and information on pregnancy and birth. In 2000 a 
supplementary sample of total of 123 white children age 10 years of age (born in 1990) were 
collected during a bone health study, outside of Soweto, in the metropole,  and were added to 
the cohort to compensate the absence of white participants in the original BT20 sample 
(Richter et al., 2007). The sample of white participants was not added for comparison 
purposes but rather to improve the BT20 cohort representativeness of the urban South 
African population in term of ethnicity. White participants underrepresentation was due to the 
fact that enrolment of pregnant women for the BT20 cohort study was made in Soweto’s 
clinic in 1990.   At that time, the population of Soweto was mainly composed of black 
African (Richter et al., 2007).  
2.2 Study Site 
The primary study took place in an urban area of Johannesburg (Gauteng Province, South 
Africa) known as South Western Township (Soweto). Soweto has a total surface area of 
200.03 square kilometres with, in the 1990s, an estimated population of 1 271 628 including 
98.9% of blacks, 0.0% of whites, 0.0% of Indians and 0.1% of Coloureds (Statistics South 
Africa, 1996). 
2.3 Study Population 
My secondary data analysis includes the study population of 3273 children born in 1990 that 
were followed up in the primary BT20 cohort study until their 24th month (2 years of age) 
follow-up (1990-1992) and the 123 children recruited in 2000 for which data on birth size, 
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gestational age, height at 1 and 2 years old, and weight at 1 and 2 years old were recorded 
from their Road-to-health card. 
 2.4 Sampling 
The study was a secondary data analysis which included the data available for all the 
participants in the BT20 Cohort study between birth to 2 years old. There were three waves 
of data collection which took place between birth and 2 years: 6 months old, at 1 year old and 
at 2 years old. In 2000, supplementary data on 123 White Children was recorded from their 
Road-to-Health and was amalgamated in to the original sample of 3273 (Richter et al., 2007).  
2.5 Measures and Variables: 
The variables in this study can be summarised in an epidemiological overview. The diagram 
below (Figure 1) represents the variables in the categories of exposure, outcome and 
confounders and explains how they interact and influence each other.  
Infant Feeding Practices (Exposure)   Growth At 1 and 2 years old 
   (Outcomes) 
 
 
 (Potential Confounders)  
Household socio-economic status, Household water access, Household density,Maternal 
education, Child health status, Child ethnicity, Parity, Birth weight, Gestational age 
Figure 1: Interactions between Study Variables 
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2.6 Description of Variables and Method of Data Collection 
Table 1: Description of Study Variables 
Variable name Description of Variable Source(s) 
Exposure Variables 
Ever breastfed This variable was defined as whether the infant received breastmilk at 
least once. Yes/No (Categorical) 
“Have you ever breastfed this baby?” 
6 Month Core Questionnaire, pg 7, Question 
1; Year 1 Core Questionnaire, pg7, Question 
54; Year 2 Core Questionnaire, pg 8, Question 
42 
 
Duration of 
breastfeeding 
This variable was defined as the length of time that the infant was 
breastfed for. 
Breastfeeding in this variable follows the WHO definition (2008). 
Months (Continuous) 
“Are you still breastfeeding? How old was 
baby when you discontinued?” 
6 Month Core Questionnaire, pg 7, Question 
1a & I; Year 1 Core Questionnaire, pg 7, 
Question 55; Year 2 Core Questionnaire, pg 8, 
Question 42).  
 
Age at introduction of 
complementary food  
The variable was defined at the age at which the child had any other 
food than milk (semi- solid and solid foods, bottlefeeds that exclude 
breastmilk and formula) 
“Has baby had food other than milk and what 
age you started?”  
6 Month Core Questionnaire, pg 9, Question 
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Variable name Description of Variable Source(s) 
This variable is consistent with the definition of complementary 
feeding defined by the WHO (2008). 
Age in months (Continuous)  
4a & b; 1 Year Core Questionnaire, pg 8, 
Question 62, Year 2 Core Questionnaire, pg 8, 
Question 46   
 
Outcome Variables 
Child’s growth at age 1 
and 2 years old are the 
outcome variables. 
The variables were defined as: 
 height-for-age z-score (HAZ)  (WHO, 2006) 
 weight-for-height z-score (WHZ) (WHO, 2006)  
 Stunting (HAZ was equal to -2 standard deviations or less of 
the median of the reference population (WHO, 2006). 
 Wasting (WHZ was was equal to -2 standard deviations or 
less of the median of the reference population (WHO, 2006). 
HAZ (mean)  (Contiuous)  
WHZ (mean) (Continous)  
Stunting (%)  (Continuous) 
 Wasting (%)  (Continuos) 
 
 
Anthropometric data on the infants were 
measured using standardized procedures at 1 
and two years. Harpenden infantometer and 
stadiometer were used to measure children’s 
length and height at 2 years respectively to the 
nearest 0.1 cm. Children’s weight was 
measured to the nearest complete 0.1 kg using 
an infant digital scale.  
 
 
Potential Confounders 
Child Health Status
* Presence or absence of diseases’ symptoms and diseases were used as 
proxies of children health during their first and second year of life. 
Child Health Status (Categorical) 
Data on child symptoms of disease were 
reported by the BT20 mothers or caregivers 
when the BT20 child was 6 months,1 year-old 
and 2 years-old. 
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Variable name Description of Variable Source(s) 
 Data on child’s disease were reported by the 
BT20 mothers or a caregivers when the BT20 
child was 6 months and 2 years-old. 
 
Ethncity Participants were described as being either: white, black, coloured, 
Indian according to the South African census (Census, 2011).  
Ethnicity (Categorical) 
 
Data on ethnicity was collected when the 
BT20 children were 6 months, 1 year and 2 
years old (which allow to confirm and fill the 
information missing for participants that did 
not come for the 6 months or 1 year-old 
follow-up visit). 
Parity The number of previous children born alive 
Parity (Contiuous) 
Data on parity was collected when the BT20 
child was 6 months, 1 year and 2 years-old 
(which allow to confirm and fill the 
information missing for participants that did 
not come for the 6 months or 1 year-old 
follow-up visit) 
Socio-economic Status 
(SES) 
An aggregated index was created and reflects the household socio-
economic status (Slemming et al, 2017). The index was constructed 
based on household’s assets ownership, namely: electricity, 
television, radio, motor vehicle, washing machine, fridge, and 
telephone.  
The sum of assets owned in the household.  The higher the SES score 
the better the socioeconomic status of the houshold the participant 
lives in. 
The data on SES was collected via multiple 
questions asked when the BT20 child was 6 
months, 1 year and 2 years-old (which allow 
to confirm and fill the information missing for 
participants that did not come for the 6 
months-old or 1 year-old follow-up visit). 
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Variable name Description of Variable Source(s) 
SES (Continuos)  
Household Water This variable was described by the type of water facility in the 
household and whether the household has access to either safe, indoor 
hot and cold water facilities (water from a tap) or inadequate outdoor 
water during the first two years of life.  
Household Water (Categorical) 
 
The data on the type of household water  
facility was collected when the BT20 child 
was 6 months, 1 year and 2 years-old (which 
allow to confirm and fill the information 
missing for participants that did not come for 
the 6 months or 1 year-old follow-up visits). 
Household Density This variable represents the number of household inhabitants per 
room in the house. 
Household Density (Continuous) 
Data on household density was collected 
antenatally. 
Maternal Education This vraiable described the highest school standard the mother passed 
according to 3 categories: no formal education to up to Grade 7, 
Grade 8-10, post-school training. 
Maternal Education (Categorical)  
 
This information was collected through 
questionnaires when the BT20 child was 6 
months, 1 year and 2 years-old (which allow 
to confirm and fill the information missing for 
participants that did not come for the 6 months 
or 1 year-old follow-up visit) by asking the 
highest school standard the mother passed. 
Birth Weight The infant’s birth weight in kilograms (kg) 
Birth Weight (Continuos) 
This data was collected from the BT20 
participants’ Road-to-Health Cards and 
clinical records when the BT20 child was 6 
months and again at 1 year-old and 2 years-old 
which allow to confirm and fill the 
information missing for participants that did 
not come for the 6 months-old follow-up visit. 
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Variable name Description of Variable Source(s) 
Gestational Age The infant’s gestational age in weeks. 
Gestational Age (Continuous)  
This data was collected from the BT20 
participants’ Road-to-Health Cards and 
clinical records when the BT20 child was 6 
months and 1 year (which allow to confirm 
and fill the information missing for 
participants that did not come for the 6 
months-old follow-up visit). 
 see further notes on description of Child Health Status 
 
Child health status: The symptoms comprised: sneezing, runny nose, eye problem, cough or horseness, breathing problems, runny ears, 
diarrhoea, allergy. Data on child’s disease were reported by the BT20 mothers or a caregivers when the BT20 child was 6 months and 2 years-
old. Reported diseases comprised: pneumonia, bronchiolitis, asthma, croup and measles. To increase the sample size as many infants were not 
seen at 6 months, aggregated indices, namely symptom score and disease score, were calculated. For instance, for each participant, the symptom 
score between birth and 1 year of age is equal to the ratio between the sum of symptoms reported and the number of  data collection points 
attended between birth and 1 year old. Similar calculations were done to obtain for each participant the symptom score between birth and 2 years 
of age, the disease score between birth and 1 year and the disease score between birth and two years. The reason for using a ratio is that some 
participants came at all their data collection points and thus have had their symptoms reported more frequently in comparison to those who 
missed some data collection points. As a consequence, if the score was constructed as the sum of symptoms reported, the latter would always 
have a lower score; hence the use of the ratio to the number of data collection points. The higher the score the higher the frequency of occurrence 
of disease’s symptom or disease.
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2.7 Data Processing Methods and Data Management Plan 
Data Extraction and Cleaning 
Data cleaning and management whereby one checks the data for accuracy, consistency and 
completeness was previously completed for previous BT20 published studies (Adair et al., 
2013, Victora et al., 2008; Fall et al., 2011). The process of data cleaning and management 
included checking for duplicates, missing values, extreme values, deleting or imputing 
values, recoding and categorising variables. I used frequency tables were used to assist with 
data management and cleaning.  
2.8 Data Analysis   
2.8.1 Analytic sample 
To ensure whether the participants included in the analysis (participants with infant complete 
feeding practice and growth data) were an accurate representation of full BT20 cohort, 
participants in the analytic sample  were compared to participants with missing data (without 
data on infant feeding practices or growth) according to their demographic and birth 
characteristics. 
2.8.2 Data analysis 
Table 2: Data Analysis  
Data Analysis  
Objective 1 Description of breastfeeding practices 
a. Ever breastfed variable (categorical variable): Description was done 
using  frequencies and percentages 
b. Duration of breastfeeding variable (continuous variable):  Description 
was done using the mean, and standard deviation 
c. Age at introduction of solid and semi solid foods (continuous variable): 
Description was done by using the mean and standard deviation 
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Data Analysis  
Objective 2 To determine the prevalence of stunting (height-for-age z-score<-2 of the 
median of the WHO growth standard) and wasting (weight-for-height z-
score<-2 of the median of the WHO growth standard)  at age 1 year old and 2 
years old in children residing in Soweto- Johannesburg in 1990. 
a. Height-for-age z score (continuous variable): Description was done by 
using the mean and standard deviation   
b. Stunting: the prevalence of stunting was calculated as the proportion of 
children with HAZ≤-2, with 95% confidence interval.  
c. Weight-for-height z scores (continuous variable): Description was done 
by using the mean, and standard deviation  
d. Wasting: the prevalence of wasting was calculated as the proportion of 
children with WHZ≤-2, with 95% confidence interval.  
Objective 3 To assess the relationship between breastfeeding practices and height-for-age 
z-scores, stunting, weight-for-height z-scores, wasting all at age 1 year old and 
2 years old in children residing in Soweto- Johannesburg in 1990. 
1. Bivariate analysis of Exposure and Outcome 
Exposure 1: Breastfed Ever 
a. Compared the difference height-for-age z score between infants who 
were ever breastfed  and infants who were never breastfed by a t-test 
b. Relationship between breastfeeding practice and stunting was done by 
chi-square test 
c. Compare weight-for-height z score in infants who were ever breastfed 
and infants who were never breastfed by a t-test 
d. Relationship between breastfeeding practice and wasting was done by 
chi-square test 
Exposure 2: duration of breastfeeding 
a. Relationship between duration of breastfeeding and height-for-age z 
score was done by spearman correlation test 
b. Compared the duration of breastfeeding between stunted and non-
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Data Analysis  
stunted infants by a t-test 
c. Relationship between duration of breastfeeding and weight-for-height 
z-score was done by spearman correlation test 
d. Compared the duration of breastfeeding between wasted and non-
wasted infant by a t-test 
Exposure 3: Age at Introduction of Solids 
a. Relationship between age at weaning and height-for-age z-score was 
done by spearman correlation test 
b. Compare the age at introduction of solids between stunted and non-
stunted infants by a t-test 
c. Relationship between age at introduction of solids and weight-for-
height z-score was done by spearman correlation test 
d. Compare the age at introduction of solids between wasted and non-
wasted infants by t-test 
 
2. Univariate Analysis 
The association between HAZ, WHZ, Stunting and Wasting at 1 and 2 years 
and covariates were tested using simple linear or logistic regression analysis 
where appropriate. This identified which covariates were statistically 
significantly associated with the growth variables. 
 
3. Multivariate analysis between Exposures and Outcome adjusted for 
confounder variables. 
The association between HAZ or WHZ and different exposures adjusted for 
confounders were assessed using respectively 2 multilinear regression models. 
The association between stunting or wasting and the different exposures 
adjusted for confounders were done using 2 logistic regression analyses.  
 
4. Comparison of the analytic sample and the participants with missing 
data 
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Data Analysis  
Participants in the analytic sample (with complete data on infant feeding 
practices and growth) were compared to participants with missing data 
(without data on infant feeding practices or growth) according to their 
demographic and birth characteristics in order to assess bias introduced by 
missing data and representativeness of this study. 
 
 All continuous variables were tested for normality of distribution. All of the study variables 
were normally distributed and therefore mean and standard deviations were presented in the 
descriptive data. 
- Before performing t-tests analysis, equality of variance was tested for.  
- The cut-off for the level of significance of the statistical analysis was (p<0.05). 
2.9 Ethical Considerations 
For the BT20 prospective cohort study, ethics approval was previously obtained from the 
University of the Witwatersrand Committee for Research on Human Subjects (Clearance 
certificate number: M01-05-56). In the case of my research and the proposed secondary 
analysis of the BT20 cohort study dataset, I applied for and received ethics approval from the 
Human Research Ethics Committee of the University of the Witwatersrand (Ethics Approval 
Number: M160376). To protect the confidentially of participants in the study, the dataset was 
sent in an anonymous format, making it impossible to identify any participant. 
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3. Results 
The general descriptive analysis of all the study variables, growth at one and two years 
(stunting and wasting, weight-for-height and height-for-age z-scores), infant feeding practices 
(ever breastfed, duration of breastfeeding and age at introduction of solid and semi solid 
foods) and covariates (maternal education, ethnicity, parity, birth weight, gestational age, 
parity, household socio-economic status, household water, household density) are described 
in this section. In this chapter are then presented the results of the univariate analyses 
assessing the associations between infant feeding practices and growth at one and two years 
old, and the possible associations between growth with the potential confounders. Finally, in 
this section, results from the multivariate analysis assessing the association between infant 
feeding practices and growth at one and two years independently of potential confounders are 
presented.  
3.1 Sample Selectivity 
Table 3 presents the comparison of the analytical sample (with data on infant feeding 
practices and growth) and the sample of participants with missing data (without data on infant 
feeding practices and/or growth). A comparison of demographic characteristics, birth weight, 
gestational age, household density, access to water facilities, parity and socioeconomic status 
was made between those with data on infant feeding practices and growth (n=3229) and those 
without (n=170). A comparison was done between the analytical sample and the participants 
with missing data in order to evaluate sample representativeness. A significant difference 
between the two samples was noted for the following variables; ethnicity, gestational age and 
access to water. This is indicative of selection bias i.e. the sample size was not a 100% a 
representative of the cohort. The Birth-to-Twenty cohort is meant to be representative of the 
entire South African population (Richter at al., 2007) however the sample of missing data or 
analytical sample is made up of mainly white participants that were recruited in 2000 and for 
which the data for the infancy period could not be obtained using the Road-to-Health cards.  
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Table 3: Comparison of the analytic sample and the sample of participants with missing data 
 Analytic sample Participants missing data p-
values 
 Means (SD) or 
percentage 
N Means (SD) or 
percentage 
N  
Gender      ns
 
Male 48.8% 1576 45.9% 78  
Female  51.2% 1653 54.1% 92  
Maternal Education     <0.001
 
No formal education to up to Grade 7 15.5% 451 3.8% 5  
Grade 8-10 73.3% 2131 43.2% 57  
Post School Training 11.2% 325 53% 70  
Ethnicity      <0.001
 
White 6.4% 207 70% 119  
Black 78.6% 2539 20.6% 35  
Coloured 11.6% 373 6.5% 11  
Indian 3.4% 110 2.9% 5  
Birth weight 3.1 (0.5) 3223 3.1 (0.6) 141 ns
 
Gestational Age 38.1 (1.9) 3128 38.6 (2.4) 68 0.03
 
Household Density 3.3 (1.6) 2625 3.6 (3.0) 24 ns
 
Water      0.01
 
Poor  access to water facilities (outdoor water) 69.08% 1667 45.83% 11  
Good access to water facilities (indoor hot and 
cold running water) 
30.92% 746 54.17% 13  
Parity  2.24 (1.38) 3229 1.98 (1.16) 151 ns
 
SES  3.61 (1.87) 2401 3.17 (2.15) 23 ns
 
Significance levels: p <0.05, ns: not significant, SES: socioeconomic status              
 
3.2 Description of study participants and covariates.  
A total of 3229 participants were included in the analytical sample. Of the total number of 
participants in the analytical sample, 48.7% were male and 51.3% were female. Participants 
mean birthweight was 3.07 kg and the median of participants’ gestational age was 38 weeks.  
In terms of caregiver characteristics, the majority of mothers (72%) reported that they had 
completed school up to Grade 8, 9 or 10. It was reported that 15% of mothers had a formal 
education less than Grade 7 or none, and 13% of mothers reported post-school training (See 
Table 4).
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Table 4: Description of participants sociodemographic characteristics and covariates 
  
Mean 
(SD), 
Percentag
e or 
Median 
(Ranges) 
N  
BT20participants 
characteristics        
Ethnicity (%) 
 
White                  
Black            
Coloured 
 Indian 
 
9.6%  
75.7%                      
11.3%  
 3.4% 
           
326 
2574                                      
384  
115      
Birthweight (kg) Mean (SD) 3.1 (0 .51 )      3364 
Gestational Age (weeks) Mean (SD) 38.2 (1.92)      3196 
Gender (%) 
 
Male 
Female 
 
48.7% 
51.3% 
        1654 
    1745 
Caregiver characteristics       
Parity (number of 
pregnancies) 
Mean (SD) 
2.23 (1.37) 
     3380 
Maternal Education (%) 
 
No formal education to up to 
Grade 7 
Grade8-10 
Post-School Training  
 
15% 
 
72% 
13% 
            
456 
         
2188 
       395          
Socioeconomic Status score Mean (SD) 5.2 (2.5)      2054 
Household Density Mean (SD) 3.3 (1.6)      2649 
Water (%) 
 
 
Good water facilities 
Poor water facilities                                        
 
              
 
68.9% 
31.1%    
             
     1678 
759 
Symptoms (Birth-1 Year)       
Symptoms Score Mean (SD) 0.3 (0.3)         2733 
Symptoms (Birth-2 Years )       
Symptoms Score Mean (SD) 0.4 (0.3)         2913 
Diseases (Birth-1 Year)    
Aggregated Index  Mean (SD) 1.9 (0.1)         1865 
Diseases (Birth-2 Years)    
Aggregated Index  Mean (SD) 0.0 (0.1)         2599 
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Participants included in the analytical sample were compared to participants with missing 
data according to their demographic data and birth characteristics (See Table 3). These two 
samples differ in their ethnic composition (p<0.001) i.e. there were more white and less 
black, coloured and Indian participants in the sample with missing data compared to the 
analytical sample. The main reason for this discrepancy is that in 2000, 123 white children 
were recruited in to the study at the age of 10 years old and their birth to two years old data 
could only be found in their Road to Health records which was not always available (Richter 
et al., 2007).The analytical sample also differed in their access to water facilities (p<0.01); 
there were more participants in the sample with missing data that did have access to good 
water facilities. The analytical sample also differed in level of maternal education (p<0.001), 
there were more participants in the sample with missing data that had post school training. 
Gestational age also differed (p<0.03) between the two samples; the mean gestational age 
(38.6 weeks) was higher in the group with the missing data. There were no statistically 
significant differences between the analytical sample and the sample of participants with 
missing data in their gender, birth weight, household density, parity and socioeconomic status 
as p>0.05 for those variables. 
 
3.3 Description of infant feeding variables (Objective 1) 
A proportion of 93.7% (3001) participants were breastfed at least once (ever) and the median 
duration of breastfeeding in the analytical sample was 10 months. The mean age for 
introduction of solid and semi solid foods was 3.6 months (See Table 5).  
Table 5: Participants’ feeding practices 
  
Mean (SD), Percentage or Median 
(Ranges) 
N  
Participant's Feeding 
Characteristics 
  
  
  
Ever Breastfed (%) Yes 
 
93.7% 
         
3001 
Duration of Breastfeeding 
(months)  
Mean 
(SD) 
 
11.6 (8.3) 
         
2313 
Age when introduced to solids 
(months)  
Mean 
(SD) 
 
3.6 (1.7) 
      
2893  
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3.4 Description of growth variables (Objective 2) 
At one year old, participants’ mean weight was 9.23 kg. Participants’ mean height was 
73.5cm. The prevalence of stunting and wasting amongst participants was 8.4% and 2.2% 
respectively. At year two participants’ mean weight was 11.38 kg and their mean height was 
83.3cm (See Table 6). Accordingly, the average growth in height from one year to two years 
of age was 9.81 cm (See Figure 2).  
Table 6: Participants’ growth characteristics 
 
 
  
Mean (SD), 
Percentage 
or Median 
(Ranges) 
N  
 
BT20 participants anthropometric characteristics at 1 year old 
Weight-for-length z-score Mean (SD) 0.25 (1.19)      1998 
Length-for-age z-score  Mean (SD) -0.5 (1.2)     1999 
Height (cm) Mean (SD) 73.5 (3.0)       1999 
Weight (kg) Mean (SD) 9.2 (1.2)       2356 
Stunting (%) Percent 8.4%        168 
Wasting (%) Percent 2.2%          43 
BT20 participants anthropometric characteristics at 2 years-old 
Weight-for-length z-score Mean (SD) 0.19 (1.35)  1804 
Length-for-age z-score Mean (SD)  -1.16 (1.12)          1805 
Height (cm) Mean (SD) 
 83.35 
(3.57) 
         1805 
Weight (kg) Mean (SD) 11.38 (1.41)          2191 
Stunting (%) Percent 20.5%            370 
Wasting (%) Percent 4.8%             86 
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Figure 2: Mean Height (cm) at one year and two years of age
 
At two years of age the prevalence of stunting was 20.5% and wasting was 4.8% (See Figure 
3).  
Figure 3: Prevalence of stunting and wasting at one year and two years of age
 
3.5 Description of covariates 
Child health status and diseases were reported by means of aggregated indices described in 
the methods section, with further descriptions of individual items (See Table 4). 
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The prevalence of symptoms was higher in birth-2 years than birth-1 year (See Figure 4). 
Cough/hoarseness was the most common symptoms followed by runny nose, sneezing, 
diarrhoea and breathing problems. 
The prevalence of disease amongst participants was higher in birth-2 years than birth-1 year 
(See Figure 5). The most commonly reported disease was bronchiolitis, followed by 
pneumonia and croup. 
 
Figure (4): Prevalence of reported child health symptoms at between birth-1 year old 
and between birth-2 years 
 
Figure (5): Prevalence of reported infant diseases between birth-1 year old and between 
birth-2 years old 
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3.6 Association between breastfeeding practices and growth using bivariate 
analysis (Objective 3) 
In the bivariate analysis, we assessed the unadjusted association between infant feeding 
practices (ever breastfed, duration of breastfeeding and age at introduction of solids) and 
growth at 1 and two years (as shown in Table 7 and 8).  
Table 7 presents the results of the bivariate statistical analysis between breastfeeding 
practices and length/height-for-age z-score and stunting at 1 and 2 years of age. At one year, 
LAZ (Length-for-Age Z-score) was negatively but weakly correlated with the duration of 
breastfeeding: an increase in the duration of breastfeeding was correlated with a decrease in 
HAZ (rho=-0.11, p<0.001). At two years, HAZ was also negatively but weakly correlated 
with the duration of breastfeeding (rho=-0.13 p<0.001). A statistically significant association 
between duration of breastfeeding and stunting was noted at two years: stunted children were 
breastfed longer than not stunted children (13.8 vs. 12.3 months, p=0.004). There were no 
statistical significant associations noted between being ever breastfed and age at introduction 
of solids with HAZ or stunting at one or two years.  
Table 8 presents the results of the bivariate analysis between breastfeeding practices and 
weight-for-height z-score and wasting at 1 and 2 years of age. At 2 years, there was a 
marginally statistical significant and weak positive correlation recorded between duration of 
breastfeeding and WHZ (rho = 0.05 p= 0.057). At 2 years, a marginal statistical significant 
0,0%
1,0%
2,0%
3,0%
4,0%
5,0%
6,0%
7,0%
8,0%
9,0%
10,0%
Diseases birth-1 year
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but weak negative correlation was also noted between age at introduction of solid and semi 
solid foods and WHZ (rho = -0.05 p= 0.054). There were no associations noted between 
being ever breastfed with WHZ and wasting at 1 year and 2 years. No associations were 
noted between duration of breastfeeding and wasting at 1 year as well as age at introduction 
of solids and wasting at 1 year and 2 years. 
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Table 7: Bivariate associations between breastfeeding practices and height/length-for-age z-score and stunting at 1 and 2 years 
 
1 year  2 years 
HeightLength-for age 
z-score (n=1999) 
 
Stunted 
(n=168) 
Not stunted 
(n=1831) 
 
Height-for age z-score 
(n=1805) 
 
Stunted 
(n=370) 
Not stunted 
(n=1433) 
 
Mean (SD) 
or Rho 
P 
 % or 
mean(SD) 
% or 
mean(SD) 
p 
Mean (SD) 
or Rho 
P 
% or 
mean(SD) 
% or 
mean(SD) 
p 
Ever breastfed 
Yes -0.53 (1.15) 
ns 
92.2% 94.6% 
ns 
-1.17 
(1.13) 
ns 
95.4% 94.2% 
ns 
No -0.54 (1.46) 7.8% 5.4% 
-1.07 
(1.08) 
4.6% 5.8% 
Duration of 
breastfeeding 
months -0.11 *** 12.9 (8.6) 11.9 (8.9) 
 
ns 
-0.13 *** 13.8 (8.5) 12.3 (8.9) *** 
Age at introduction 
of solids 
months 0.02 ns 3.5 (1.3) 3.6 (1.67) ns 0.04 ns 3.6 (1.9) 3.6 (1.6) ns 
Level of significance: * p < 0.05, ** p<0.01, *** p <0.001, ns: not significant 
 
 
 
 
 
 
Table 8: Bivariate associations between breastfeeding practices and weight-for-height z-score and wasting at 1 and 2 years 
 
1 year  2 years 
Weight for height z-
score (n=1998) 
 
Wasted 
(n=43) 
Not wasted 
(n=1955) 
 
Weight for height z-
score (n=1804) 
 
Wasted 
(n=86) 
Not wasted 
(n=1718) 
 
Mean (SD) or 
Rho 
p 
 % or 
mean(SD) 
% or mean(SD) P 
Mean (SD) or 
Rho 
P 
% or 
mean(SD) 
% or mean(SD) p 
Ever breastfed 
Yes 0.27 (1.19) 
ns 
88.4% 94.6% 
ns 
0.19 (1.36) 
ns 
94.2% 94.5% 
ns 
No 0.13 (1.22) 11.6% 5.4% 0.20 (1.22) 5.8% 5.5% 
Duration of 
breastfeeding 
Months -0.02 ns 11.1 (7.5) 12.1 (8.9) ns 0.05 ns(0.05) 12.9 (8.74) 12.6 (8.82) ns 
Age at introduction 
of solids 
Months -0.04 ns 3.4 (3.1) 3.6 (1.6) ns -0.05 ns(0.05) 3.9 (2.27) 3.6 (3.48) ns 
Level of significance: * p < 0.05, **   p<0.01, ***, p <0.001, ns: not significant 
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3.7 Association between covariates and growth (univariate analysis)  
In this section results are presented on the association between growth indices with covariates 
that could potentially affect growth (See Table 9). 
In looking at the association between covariates and length-for-age at age one year, length-
for-age z-score was negatively associated with household density, as well as being black, 
coloured or Indian ancestry as compared to being white. Length-for-age z-score was 
positively and significantly associated with socioeconomic status and birth weight. Having a 
mother of grade 8-10 or with post-school training is associated with an increase in length-for-
age at age 1 year by 0.26 and 0.45 respectively as compared to having a mother with less 
education than grade 7. Having a good access to water facilities is associated with an increase 
by 0.35 in length for age z-score at 1 year of age as compared to having a poor access to 
water facilities (See Table 9). 
With regards to the association between covariates and height-for-age at age two years old, 
infants in the study were likely to have an increase in height-for-age z-score at two years if 
born to a mother with a higher level of education (grade 8-10 or post-school training). 
Height-for-age z-score was also positively associated with disease score between birth and 2 
years, birth weight, socioeconomic status and access to good water facilities. Height-for-age 
z-score was negatively associated with parity and household density. They were also likely to 
have a decrease in height-for-age z-score at two years if they were of black, coloured or 
Indian ancestry as compared to being born of white ancestry (See Table 9). 
With regards to the association between covariates and weight-for-height at age one year old, 
weight-for-height z-score at age one was negatively associated with being born to a mother of 
Indian ancestry compared to being born to a white mother and positively associated with 
being from a black mother. A decrease in weight-for-height z-score was associated with a 
good access to quality water facilities. Their weight-for-height z-score was positively 
associated with birth weight (See Table 9).  
In respect of the association between covariates and weight-for-height at two years old, 
children in the study were likely to have a decreased weight-for-height at age two if of 
coloured or Indian ancestry as compared to being born to an origin of white ancestry (See 
Table 7). A decrease in weight-for-height z-score was also associated with poor access to 
water facilities. Weight-for-height z-score was positively associated with symptoms score 
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between birth and 2 years. Weight-for-height z-score was positively associated with birth 
weight.  
In looking at the association between covariates and stunting at one year old, the odds of 
being stunted increased by 13% with an increase in household density. The odds of being 
stunted decreased by 49% and 61 % if their mother had an education of Grade 8-10 or post 
school training respectively in comparison to having a mother with no formal to grade 7 
education level. The odds of being stunted at one year of age decreased by 15% with an 
increase by 1 unit in the socioeconomic status score. The odds of being stunted decreased by 
78% with an increase by 1kg in birth weight. The odds of being stunted decreased by 52% 
with better access to water facilities (See Table 9). 
In respect of the association between covariates and stunting at two years old, the odds of 
being stunted was 2.5 times more likely if participants were of black ancestry as compared to 
being of white origin and the odds of being stunted were 2.2 times more likely if participants 
were of coloured origin as compared to being of white origin. The odds of being stunted also 
increased by 9% with an increase in parity and by 15% with an increase by one unit in 
household density. The odds of being stunted at two years decreased 31% and 58% with a 
maternal education of Grade 8-10 and post school training respectively in comparison to 
being born to a mother with no formal to grade 7 education level. The odds of being stunted 
decreased by 15% with an increase by one unit in the socioeconomic status score. The odds 
of being stunted decreased by 61% with an increase by 1kg in birth weight and by 40% with 
better access to quality water facilities (See Table 9). 
When looking at the association between covariates and wasting at one year old, the odds of 
being wasted at one year were 3.7 times more likely with an increase by one unit in the 
symptoms score between birth and one year (See Table 9). 
In regards to the association between covariates and wasting at age two years old, the odds of 
being wasted a two years were 10.2 times more likely if you were of coloured ancestry as 
compared to being of white ancestry (See Table 9).
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Table 9: Association between covariate and growth (Univariate Analysis) 
Growth Variables Length-for-age year 1 Height-for-age year 2 Weight-for-height year 1 Weight-for-height year 2 
 
Β 95% CI Interval P β 95% CI Interval p β 95% CI Interval p value β 95% CI Interval p 
Ethnicity                         
White Ref 
  
Ref 
  
Ref 
  
Ref 
  Black -0.86 (-1.09 - -0.62) <0.001 -0.87 (-1.11 - -0.63) <0.001 0.30 (0.06 - 0.54) 0.02 -0.01 (-0.29 - 0.27) ns 
Coloured -0.72 (-0.98 - -0.45) <0.001 -0.76 (-1.02 - -0.49) <0.001 -0.23 (-0.50 - 0.03) ns -0.87 (-1.19 - -0.56) <0.001 
Indian -0.61 (-0.97 - -0.24) 0.001 -0.40 (-0.77 - -0.04) 0.03 -0.70 (-1.07 - -0.34) <0.001 -0.94 (-1.37 - -0.51) <0.001 
Maternal Education                         
No formal education to up to Grade 7 Ref   Ref   Ref   Ref   
Grade 8-10 0.26 (0.11 - 0.42) 0.001 0.25 (0.09 - 0.41) 0.002 0.17 (0.01 - 0.33) ns -0.10 (-0.30 - 0.09) ns 
Post School Training 0.45 (0.24 - 0.66) <0.001 0.63 (0.41 - 0.84) <0.001 0.06 (-0.15 - 0.28) ns -0.17 (-0.42 - 0.09) ns 
Symptom Score (birth- 1 year) -0.09 (-0.29 - 0.12) ns -0.03 (-0.24 - 0.17) ns -0.02 (-0.23 - 0.18) ns -0.09 (-0.34 - 0.16) ns 
Symptom Score (birth- 2 years)  n/a     -0.09 (-0.31 - 0.13) ns  n/a     0.13 (-0.14 - 0.39) 0.02 
Disease Score (birth- 1 year) -0.18 (-0.75 - 0.39) ns -0.18 (-0.75 - 0.39) ns -0.10 (-0.69 - 0.48) ns 0.98 (-0.58 - 0.78) ns 
Disease Score  (birth- 2years)  n/a 
 
  0.48 (-0.01 - 0.97) 0.05  n/a     0.37 (-0.22 - 0.96) ns 
Parity -0.03 (-0.07 - 0.01) ns -0.06 (-0.09 - -0.02) 0.002 -0.03 (-0.07 - 0.01) ns -0.02 (-0.06 - 0.3) ns 
Socioeconomic Status 0.11 (0.08 - 0.14) <0.001 0.12 (0.09 - 0.15) <0.001 -0.02 (-0.05 - 0. 01) ns -0.03 (-0.07 - 0.01) ns 
Birth Weight 0.82 (0.72 - 0.91) <0.001 0.59 (0.50 - 0.69 <0.001 0.52 (0.42 - 0.62) <0.001 0.46 (0.34 - 0.58) <0.001 
Household Density -0.08 (-0.11 - -0.05) <0.001 -0.11 (-0.13 - -0.72) <0.001 0.00 (-0.03 - 0.03) ns 0.01 (-0.03 - 0.05) ns 
Water             
Poor access to water Ref   Ref   ref   ref   
Good access to water 0.35 (0.23 - 0.47) <0.001 0.33 (0.20 - 0.45) <0.001 -0.22 (-0.35 - -0.10) 0.001 -0.20 (-0.35 - -0.06) 0.01 
Significance level:  p < 0.05, ns- not significant, ref: reference, n/a- non applicable 
 
37 
 
Growth variables Stunting year 1 Stunting year 2 Wasting year 1 Wasting year 2 
 
odds ratio 95% CI p odds ratio 95% CI P odds ratio 95% CI P odds ratio 95% CI p 
Ethnicity                         
White Ref   Ref   Ref   Ref   
Black 3.11 (0.97 - 9.95) ns 2.48 (1.23 - 5.00) 0.01 0.53 (0.16 - 1.79) ns 3.36 (0.46 - 24.61) ns 
Coloured 2.38 (0.70 - 8.17) ns 2.19 (1.04 - 4.63) 0.04 0.97 (0.27 - 3.65) ns 10.23 (1.37 - 76.17) 0.02 
Indian 2.57 (0.59 - 11.14) ns P.30 (0.06 - 1.45) ns 2.54 (0.59 - 11.02) ns 6.21 (0.68 - 57.04) ns 
Maternal Education                         
No formal education up 
to Grade 7 Ref   Ref   Ref   Ref   
Grade 8-10 0.51 (0.34 - 0.77) <0.001 0.69 (0.50 - 0.95) 0.02 0.95 (0.36 - 2.48) ns 1.19 (0.61 - 2.36) ns 
Post School Training 0.39 (0.20 - 0.74) <0.001 0.42 (0.26 - 0.69) 0.001 2.19 (0.74 - 6.51) ns 0.75 (0.28 - 2.02) ns 
Symptoms (birth-1 
year)  2.11 (1.16 - 3.82) 0.01 1.24 (0.79 - 1.95) ns 3.67 (1.21 - 11. 09) 0.02 1.18 (0.49 - 2.87) ns 
Symptoms (birth- 
2years )  n/a     1.00 (0.62 - 1.61) ns  n/a     0.52 (0.21 - 1.29) ns 
Diseases (birth- 1 
year) 0.47 (0.12 - 1.88) ns 1.23 (0.34 - 4.53) ns 18.36 (0.04 - 8821.87) ns 1.49 (0.09 - 25.51) ns 
Diseases (birth- 2 
years)  n/a     0.50 (0.16 - 1.52) ns  n/a     0.64 (0.08 - 5.21) ns 
Parity 1.11 (1.00 - 1.23) ns 1.09 (1.00 - 1.17) 0.04 1.18 (0.97 - 1.42) ns 0.94 (0.79 - 1.10) ns 
Socioeconomic Status 0.85 (0.77 - 0.94) 0.001 0.85 (0.80 - 0.91) <0.001 0.16 (0.96 - 1.40) ns 0.94 (0.83 - 1.06) ns 
Birth Weight 0.22 (0.17 - 0.30) <0.001 0.39 (0.31 - 0.49) <0.001 0.59 (0.34 - 1.03) ns 0.73 (0.48 - 1.11) ns 
Household Density 1.13 (1.04 - 1.24) 0.003 1.15 (1.07 - 1.23) <0.001 1.03 (0.85 - 1.25) ns 1.07 (0.95 - 1.21) ns 
Water             
Poor Access to Water  Ref   Ref   Ref   Ref   
Good Access to Water 0.48 (0.31 - 0.75) 0.001 .60 (0.45 - 0. 81) 0.001 1.75 (0.93 - 3.29) ns 1.18 (0.71 - 1.98) ns 
Significance level:  p < 0.05, ns- not significant, ref: reference, n/a – non applicable
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3.8 Association between breastfeeding practices and growth at one and two years 
of age (multivariate analysis) 
In the univariate analysis, the association between infant feeding practices (ever breastfed, 
duration of breastfeeding and age at weaning) and infant growth (stunting, wasting, 
length/height-for-age and weight-for-height at age one and two) and gender, maternal 
education, ethnicity birth weight, symptom scores, disease scores, parity, socio-economic 
status, access to toilet and water were assessed individually. It is well known that the above 
factors may be related to infant feeding and growth and they are known to be correlated (Fall 
et al., 2011; Slemming et al., 2017). It is therefore of interest to test whether the association 
between breastfeeding practices and growth found in bivariate analyses remains after 
adjusting for the covariates associated with growth. Therefore multiple regression analyses 
were conducted in order to investigate the effect of: gender, maternal education, ethnicity 
birth weight, symptom score, disease score, parity, socio-economic status, access to water 
facilities on the association between infant feeding practices and growth at one and two years. 
3.8.1 Duration of breastfeeding and LAZ at one year old (Table 10) 
In all models, for a month’s increase in duration of breastfeeding there was a decrease in 
LAZ by 0.01 z-score.  In model 2 (Model 1 adjusted for gender and ethnicity) compared to 
being a male, being a female was associated with an increase in LAZ by 0.21. Compared to 
being white, being from black, coloured and Indian ancestry was associated with a decrease 
in LAZ by 0.77, 0.67 and 0.54 z-scores respectively. In model 3 (Model 2 adjusted for  birth 
weight, gestational age, symptom score  (birth – 1year), disease score (birth- 1 year) 
household density, water, maternal education, parity and socioeconomic status) ethnicity was 
no longer associated with a decrease in LAZ. An increase by 1kg in birthweight was 
associated with an increase in LAZ by 0.82 z-score. Access to better water facilities was 
associated with an increase in LAZ by 0.27 z-score. An increase by one unit in 
socioeconomic status score was associated with an increase in LAZ by 0.06 z scores. 
Gestational age, symptoms, disease, household density, maternal education and parity were 
not associated with HAZ.  
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Table 10: Duration of Breastfeeding and LAZ at one year old 
  Model 1 Model 2 Model 3 
  β Coefficient 95% CI Interval p value β Coefficient 95% CI Interval p value β Coefficient 95% CI Interval p value 
Duration of Breastfeeding -0.01 (-0.02 - -0.01) <0.001 -0.01 (-0.02 - -0.00) <0.001 -0.01 (-0.02 - 0.00) 0.02 
Gender             
Male    Ref   Ref   
Female    0.21 (0.11 - 0.32) <0.001 0.24 (0.11 - 0.38) <0.001 
Ethnicity 
 
      
 
    
 
  
White    Ref   Ref   
Black 
 
    -0.77 (-1.04 - -0.50) <0.001 -0.02 (-0.44 - 0.41) ns 
Indian 
 
    -0.67 (-0.97 - -0.38) <0.001 -0.33 (-0.78 - 0.11) ns 
Coloured 
 
    -0.54 (-0.95 - -0.13) 0.01 -0.27 (-0.81 - 0.27) ns 
Birth Weight 
 
          0.82 (0.66 - 0.98) <0.001 
Gestational Age 
 
          0.01 (-0.04 - 0.06) ns 
Symptoms Score (Birth- 1 Year) 
 
          -0.13 (-0.41 - 0.16) ns 
Diseases Score (Birth- 1 year) 
 
          -0.41 (-1.04 - 0.22) ns 
Household Density 
 
          0.01 (-0.04 - 0.05) ns 
Water          
Poor Access to Water       Ref   
Good Access to Water 
 
    
 
    0.21 (0.03 - 0.41) 0.02 
Maternal Education 
 
    
 
      
No formal education up to Grade 7       Ref   
Grade 8-10 
 
          0.07 (-0.17 - 0.32) ns 
Post School Training 
 
          0.02 (-0.31 - 0.35) ns 
Parity 
 
          -0.05 (-0.11 - 0.01) ns 
Socioeconomic Status 
 
          0.06 (0.01 - 0.11) 0.01 
Model 1 is unadjusted (Height for Age at 1 year and Duration of Breastfeeding), Model 2 is Model 1 adjusted for gender and ethnicity, Model 3 is Model 2 adjusted for birth weight, gestational 
age, symptom score  (birth – 1year), disease score (birth- 1 year) household density, water, maternal education, parity and socioeconomic status. Significance level: p < 0.05, ns- not significant, 
Ref- reference group
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3.8.2 Duration of breastfeeding and HAZ at two years old (Table 11) 
For a month’s increase in the duration breastfeeding there was a decrease in HAZ by 0.02 z-
scores in model 1 and then 0.02 in the model 2. In model 3, the duration breastfeeding was 
not associated with HAZ. In model 2 (Model 1 adjusted for gender and ethnicity), compared 
to being a male, being a female is associated with an increase in HAZ by 0.25 z-scores. 
Compared to being white, being black or Indian was associated with a decrease in HAZ by 
0.83 and 0.82 z-scores respectively. In model 3 (Model 2 adjusted for birth weight, 
gestational age, symptom score (birth – 1year), disease score (birth- 1 year) household 
density, water, maternal education, parity and socioeconomic status), duration of 
breastfeeding and ethnicity are no longer associated with HAZ. Compared to being a male, 
being a female is associated with an increase in HAZ by 0.31 z scores. A 1kg increase in birth 
weight was associated with an increase in HAZ by 0.66 z scores. Compared to having a 
mother with less formal education (formal education up to Grade 7), having a mother with 
post school training was associated with an increase in HAZ by 0.32 z-score. Socioeconomic 
status was associated with an increase in HAZ by 0.07 z-scores. HAZ was not associated with 
gestational age, symptoms of poor health, disease, household density, and parity. 
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Table 11: Duration of Breastfeeding and HAZ at two years old 
  Model 1 Model 2 Model 3 
  β Coefficient 95% CI Interval p value β Coefficient 95% CI Interval p value β Coefficient 95% CI Interval p value 
Duration of Breastfeeding -0.02 (-0.02 - -0.01) <0.001 -0.01 (-0.02 - -0.01) 0.001 -0.01 (-0.02 - 0.00) ns 
Gender          
Male    Ref   Ref   
Female 
 
    0.25 (0.14 - 0.36) <0.001 0.31 (0.17 - 0.43) <0.001 
Ethnicity 
 
      
 
    
 
  
White    Ref   Ref   
Black 
 
    -0.83 (-1.11 - -0.56) <0.001 -0.19 (-0.55 - 0.18) ns 
Indian 
 
    -0.82 (-1.11 - -0.52) <0.001 -0.35 (-0.73 - 0.03) ns 
Coloured 
 
    -0.39 (-0.82 - 0.04) ns 0.08 (-0.43 - 0.59) ns 
Birthweight 
 
          0.66 (0.51 - 0.80) <0.001 
Gestational Age 
 
          -0.00 (-0.05 - 0.04) ns 
Symptoms Score (Birth- 2 years) 
 
          -0.05 (-0.32 - 0.22) ns 
Diseases Score (Birth – 2 years) 
 
          0.28 (-0.32 - 0.89) ns 
Household Density 
 
    
 
    -0.02 (-0.07 - 0.02) ns 
Water          
Poor access to water       Ref   
Good access to water 
 
    
 
    0.10 (-0.07 - 0.27) ns 
Maternal Education 
 
    
 
      
No formal education up to Grade 7       Ref   
Grade 8-10 
 
          0.18 (-0.04 - 0.41) ns 
Post School Training             0.32 (0.03 - 0.61) 0.03 
Parity             -0.03 (-0.09 - 0.02) ns 
Socioeconomic Status             0.07 (0.03 - 0.12) 0.001 
Model 1 is unadjusted (Height for Age at 1 year and Duration of Breastfeeding), Model 2 is Model 1 adjusted for gender and ethnicity, Model 3 is Model 2 adjusted for birth weight, gestational age, 
symptom (Birth- 2 years), diseases (Birth- 2years), household density, water, maternal education, parity and socioeconomic status. Significance level:  p < 0.05, ns- not significant, Ref- reference group.  
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3.8.3 Age at introduction of solids and WHZ at two years old (Table 12) 
In all models, age at introduction of solids was not associated with a change in WHZ.In 
model 2 (Model 1 adjusted for gender and ethnicity), compared to being a male, being a 
female was associated with an increase of 0.16 z-score in WHZ. Compared to being white, 
being coloured or Indian was associated with a decrease in WHZ by 0.94 and 0.91 z-scores 
respectively. In model 3 (Model 2 adjusted for birth weight, gestational age, symptom score 
(birth – 1year), disease score (birth- 1 year) household density, water, maternal education, 
parity and socioeconomic status), compared to being a male, being a female was associated 
with an increase of 0.2 z-score in WHZ. A 1kg increase in birthweight was associated with an 
increase in WHZ by 0.35 z-score. An increase in the disease score between birth and 2 years 
of age was associated with an increase in WHZ by 0.89 z-score. Compared to being of white 
descent, being of Indian and coloured descent was associated with a decrease in WHZ 0.67 
and 0.69 z-scores respectively. Gestational age, symptoms of poor health, household density, 
good access to water facilities, level of maternal education, parity and socioeconomic status 
were not associated with WHZ.  
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Table 12: Age at introduction of solids and WHZ at two years old 
  Model 1 Model 2 Model 3 
  β Coefficient 95% CI Interval p value β Coefficient 95% CI Interval p value β Coefficient 95% CI Interval p value 
Age at Introduction of Solids -0.01 (-0.05 - 0.03) ns 0.00 (-0.04 - 0.04) ns 0.01 (-0.04 - 0.06) ns 
Gender          
Male    Ref   Ref   
Female 
 
    0.16 (0.04 - 0.29) 0.01 0.20 (0.06 - 0.35) 0.006 
Ethnicity 
 
      
 
    
 
  
White    Ref   Ref   
Black 
 
    0.00 (-0.28 - 0.29) ns 0.37 (-0.03 - 0.78) ns 
Indian 
 
    -0.91 (-1.22 - -0.59) <0.001 -0.67 (-1.09 - -0.25) 0.002 
Coloured 
 
    -0.94 (-1.38 - -0.49) <0.001 -0.69 (-1.22 - -0.15) 0.01 
Birth Weight 
 
          0.35 (0.18 - 0.51) <0.001 
Gestational Age 
 
          -0.01 (-0.06 - 0.03) ns 
Symptoms (birth- 2 years) 
 
          -0.06 (-0.37 - 0.25) ns 
Diseases (birth- 2 years)  
 
          0.89 (0.21 - 1.56) 0.01 
Household Density 
 
    
 
    -0.04 (-0.09 - 0.00) ns 
Water           
Good access to water       Ref   
Poor Access to water 
 
    
 
    0.13 (-0.07 - 0.32) ns 
Maternal Education 
 
    
 
      
No formal education up to Grade 7       Ref   
Grade 8-10             -0.02 (-0.26 - 0.23) ns 
Post School Training             -0.09 (-0.42 - 0.23) ns 
Parity             -7.43 (-0.06 - 0.06) ns 
Socioeconomic Status             0.01 (-0.04 - 0.06) ns 
Model 1 is unadjusted (Weight for Height at 2 years and Age at Introduction of Solids), Model 2 is Model 1 adjusted for gender and ethnicity, Model 3 is Model 2 adjusted for birth weight, gestational 
age, symptom score (birth- 2 years), disease score (birth- 2years), household density, water, maternal education, parity and socioeconomic status.  Level of significance:  p < 0.05, ns: not significant, 
Ref- reference group  
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3.8.4 Duration of breastfeeding and stunting at two years old (Table 13) 
A month’s increase in duration of breastfeeding is associated was an increase in the odds of 
being stunting by 2% in model 1 and 1% in model 2. In model 3, the duration breastfeeding 
was not associated with stunting at 2 years of age. In model 2 (Model 1 adjusted for gender 
and ethnicity), compared to being a male, being a female was associated with a reduction in 
the odds of being stunted by 39%. Compared to being white, being black or coloured was 
associated with an increased in the odds of being stunted by 2.66 and 2.77 times respectively.  
In model 3 (Model 2 adjusted for birth weight, gestational age, symptom score (birth – 
1year), disease score (birth- 1 year) household density, water, maternal education, parity and 
socioeconomic status), duration of breastfeeding and ethnicity were no longer associated with 
stunting. Compared to being a male, being a female is associated was a reduction in the odds 
of being stunting by 42%. A 1kg increase in birth weight was associated with a reduction in 
the odds stunting by 70%. A one unit increase in the socioeconomic status score was 
associated with a reduction in the odds of being stunted by 12%. Gestational age, symptoms 
of poor health, the presence of disease, household density, access to water facilities, level of 
maternal education and parity were not associated with stunting.  
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Table 13: Duration of Breastfeeding and Stunting at two years old 
  Model 1 Model 2 Model 3 
  Odds Ratio 95% CI Interval p value Odds Ratio 95% CI Interval p value Odds Ratio 95% CI Interval p value 
Duration of Breastfeeding 1.02 (1.00 - 1.03) 0.008 1.01 (1.00 - 1.03) 0.05 1.01 (0.99 - 1.03) ns 
Gender          
Male    Ref   Ref   
Female 
 
    0.61 (0.48 - 0.78) <0.001 0.58 (0.43 - 0.77) <0.001 
Ethnicity 
 
      
 
    
 
  
White    Ref   Ref   
Black 
 
    2.66 (1.19 - 5.92) 0.02 0.81 (0.29 - 2.26) ns 
Indian 
 
    2.77 (1.19 - 6.42) 0.02 1.14 (0.40 - 3.25) ns 
Coloured 
 
    0.48 (0.10 - 2.45) Ns 0.12 (0.01 - 1.07) ns 
Birth Weight 
 
          0.30 (0.21 - 0.43) <0.001 
Gestational Age 
 
          1.02 (0.93 - 1.12) ns 
Symptoms Score (Birth- 2 years) 
 
          0.92 (0.48 - 1.75) ns 
Diseases Score (Birth- 2 years) 
 
          0.79 (0.18 - 3.56) ns 
Household Density 
 
    
  
  1.05 (0.96 - 1.15) ns 
Water          
Poor access to water       Ref   
Good access to Water 
 
    
  
  0.79 (0.52 - 1.20) ns 
Maternal Education 
 
    
  
    
No formal education up to Grade 7       Ref   
Grade 8-10       
  
  0.89 (0.56 - 1.41) ns 
Post School Training             0.67 (0.34 - 1.34) ns 
Parity             1.10 (0.98 - 1.24) ns 
Socioeconomic Status             0.88 (0.80 - 0.97) 0.01 
Model 1 is unadjusted (Stunting Year 2 and Duration of Breastfeeding), Model 2 is Model 1 adjusted for gender and ethnicity, Model 3 is Model 2 adjusted for birth weight, gestational age, symptom 
(Birth- 2 years), disease (Birth- 2 years), household density, water, maternal education, parity and socioeconomic status. Significance level: p < 0.05, ns: not significant, Ref- reference group. 
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4. Discussion 
This section will discuss the results from the data analysis, beginning with the main study 
findings on the association between infant feeding practices and growth at one and two years 
of age. Furthermore, the findings from this study will be compared to the findings from 
previous studies. 
4.1 Main findings 
In this study, 97.3% of infants were ever breastfed, the mean duration of breastfeeding was 
11.6 months and the mean age at introduction of solid and semi-solid foods was 3.6 months. 
The prevalence of stunting at 1 and 2 years was 8.4 % and 20.5% respectively. The 
prevalence of wasting at 1 and 2 years was 2.2% and 4.8% respectively.  
Overall, the study did observe an association between infant breastfeeding practices and 
growth at one and two years of age. A significant association was seen between duration of 
breastfeeding and length/height-for-age z-scores at one and two years of age; infants who 
were breastfed for a longer duration in time were seen to experience a decrease in 
length/height-for-age z scores at one and two years of age. It must also be noted that although 
the association between duration of breastfeeding and height-for-age z-scores at one and two 
years was statistically significant, the effect was very low as shown by the beta value at -0.01 
z-score and -0.01 z-score respectively.  
A significant association was seen between duration of breastfeeding and stunting at age two 
years. The odds of being stunted increased by 1% with a month’s increase in the duration of 
breastfeeding. When this association was tested adjusting for covariates, duration of 
breastfeeding was no longer associated with stunting; gender, birth weight and 
socioeconomic status were stronger predictors of better growth outcomes (associated with a 
decrease in the odds of being stunting). 
A marginally significant association between age at introduction of solid and semi solid foods 
and weight-for-height z scores at two years was observed in the bivariate analysis. The 
younger the age at introduction of solid and semi solid foods, the lower the weight-for-height 
z-scores. The effect of the association was very low, as shown by the beta value of -0.05. 
This association was no longer significant in the multivariate analysis. 
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There was no association seen between being ever breastfed and any growth indices at one 
and two years. 
4.2 Infant Feeding Practices 
4.2.1 Prevalence of children that were ever breastfed aged 0-2 years 
The prevalence of children that were ever breastfed in the study was 93.7%. This elevated 
proportion may represent the percentage of those mothers that initiated breastfeeding but not 
necessarily how many mothers exclusively/predominantly breastfed their infants for an 
extended period. This is illustrated by the finding that solid and semi-solids foods are 
introduced before 6 months of age. In a report by the Department of Health (1998), data 
indicated that 88% of mothers initiated breastfeeding post-delivery. The high breastfeeding 
initiation rate in this study (93.7%) measured in 1990 and the most recent prevalence of 88% 
(UNICEF, 2009) may also be explained by the changing policies on PMTCT which initially 
in 2001, advised mothers to choose either exclusive breastfeeding with early weaning at 4–6 
months or exclusive formula feeding with free infant formula provided until 6 months (Du 
Plessis et al., 2016). In 2011, the WHO changed infant feeding guidelines for HIV/AIDS 
infected mothers, encouraging exclusive and continued breastfeeding in both HIV positive 
and negative .The confusion associated with the change in breastfeeding policy may have led 
to a reduction in the rate of breastfeeding. In Kwa-Zulu Natal early initiation of breastfeeding 
increased from 26% in 2011/2012 to 81.6% in 2014/2015 (Spies, 2011; Department of Health 
2014). Nevertheless, a recent, review by Rollins and colleagues (2016) showed that early 
initiation of breastfeeding is compromised in all countries, regardless of their socioeconomic 
status. 
4.2.2 The duration of breastfeeding in children aged 0-2 years old 
The Word Health Organization recommends mothers worldwide to exclusively breastfeed 
their children for 6 months and thereafter begin complementary feeding and continued 
breastfeeding up to 24 months and beyond (WHO, 2003). The breastfeeding prevalence rate 
at 12 months was found to be highest in Sub-Saharan Africa (approximately 90%), South 
Asia and parts of Latin America (Victora at al., 2016). In contrast, a high income country 
such as the United States reported values as low as 27% for prevalence of breastfeeding at 
age 12 months (Victora et al, 2016). The average duration of breastfeeding amongst children 
in this study was 10 months. According to the NDoH (2017), the proportion of children who 
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are currently breastfeeding decreased with increasing age from 47% in children ages 12-17 
months to 19% in children aged 18-23 months (a 28% decrease,  indicating that breastfeeding 
is not maintained. This poor rate of continuation in breastfeeding was illustrated again by the 
South African Demographic and Health Surveys in 1998, 2003 and 2016,  that showed that 
only 10% , 12% and 28.2% of infants aged 0-3 months, respectively, were exclusively 
breastfed, while exclusive breastfeeding in infants aged 4-6 months was even lower (1%, 2% 
and 27.2% respectively) (Ijumba, 2014; NDoh, 2017). The study by Rollins and colleagues 
(2016) noted that as a country’s wealth increases their breastfeeding practices decline and the 
duration of breastfeeding shortens, possibly accounting for lower prevalence of breastfeeding 
in higher income countries.  
4.2.3 Age at introduction of semi-solid and solid foods in children aged 0-2 years 
The WHO (2003), recommends the introduction of solid foods at no younger than 6 months 
old. The average age at introduction of semi solid to solid foods in the present study was 
reported to be at 3 months old. A study by Fall and colleagues (2011) looked at infant feeding 
patterns from five cohorts in low and middle income countries. According to the study, the 
most frequent age at introduction of complementary feeds was 0-3 months in Brazil, 3-6 
months in the Philippines and 9-12 months in India (Fall et al., 2011). The most recent survey 
reported a prevalence of 7% for exclusive breastfeeding in children under 6 months in South 
Africa (UNICEF, 2009), in line with results found in several studies conducted in the 
country. In two different cultural settings in Mpumalanga, South Africa, complementary 
feeding has been reported as early as 1 month old (Van der Merwe, Du Plessis & Jooste, 
2015). This may be due to cultural beliefs; in Limpopo province a food made from maize and 
roots is given to the infant immediately after birth as an alternative to breastmilk, as it is 
believed to provide infants with energy to grow well (Du Plessis et al, 2016). A study by 
Sibeko and colleagues (2005) conducted in township outside of Cape Town, reported that 
32% of infants were receiving complementary feeding at approximately 1 month of age. In 
the study by Sibeko and colleagues (2005), perceived inadequate production of breastmilk 
and as a consequence the desire to supplement breastmilk was found to be the reasons for 
early introduction of complementary feeds amongst 90% of the women. Other reasons cited 
included starting a job, returning to school and the perception that the infant was not fully 
satisfied by the breastmilk alone (Sibeko et al., 2005). Bland and colleagues (2008) noted a 
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similar reason for early introduction of solid foods; the concern of mothers was that the infant 
not being adequately fed and therefore remaining unsatisfied when drinking breast milk only.  
4.3 Growth between birth and two years of age  
4.3.1 Prevalence of stunting at one and two years 
The prevalence of stunting at one year of age was 8.4% compared to a higher prevalence of 
20.5% in year two, an increase by 12% between year one and year two. Comparatively the 
prevalence of stunting in South Africa amongst children age 0-3 years in 1993 was 24.5% 
(Steyn et al., 2005; Kruger et al., 2012). Surveys published in 1993, 1994 and 2003 showed 
that rural provinces (Eastern Cape, Northwest Province, Mpumalanga) had a consistently 
high level of stunting compared to urban provinces (Gauteng, Western Cape) (Said-Mohamed 
et al., 2015). The most recent stunting prevalence data in South Africa reported the 
prevalence of stunting in boys and girls under 5 years of age to be 30% and 25% respectively 
(NDoH, 2017). The highest prevalence of stunting in the age range 0-3 years, was reported in 
the North West, Free State and Northern Cape and the lowest prevalence of stunting was 
reported in Kwazulu Natal and most notably in Gauteng (11%). (Shisana et al., 2014). The 
prevalence in Gauteng is most significant as it is the province which represents the Birth-to-
Twenty study population (Shisana et al., 2014). The prevalence of stunting in the age range 0-
3 years in Gauteng (11%) in 2014 is an increase from the prevalence reported in this study in 
1990-1991 between ages 0-2 years. This confirms that stunting continues to be a public 
health burden. A systematic review of the prevalence of stunting in South Africa by Said-
Mohamed and colleagues (2015) suggests that despite the implementation of the National 
Strategy (the Integrated Nutrition Programme) in 1995, stunting in children under 3 years of 
age persist. There have been a drive to scale up national nutrition programmes, which 
included the implementation of the ‘Roadmap for Nutrition in South Africa for the period of 
2013-2017” and the ‘first 1000 days’ approach (Said-Mohamed et al., 2015). It is now 
important that there be an evaluation on the Roadmap to Nutrition program in order to 
estimate its success, identify pitfall and adjust accordingly, in order to reduce the prevalence 
of stunting during the first thousand days of life in South Africa. 
As previously mentioned in this study, a 12% increase in stunting between one year of age 
and two years of age was found. This might indicate that this period of development is a 
particularly sensitive period and needs to be monitored thoroughly (WHO, 2008). Feeding 
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practices during this period may also be determinant in the increase of stunting. In addition, 
in this study an increase in the occurrence of diseases’ symptoms and diseases between one 
year of age and two years of age (see Figures 4 and 5) was noted. This is the period when a 
child starts walking and is possibly indicating more exposure to environmental contaminants 
and pathogens (Hubal et al., 2000). This increase of prevalence in stunting could also be 
explained by an increase in demand of energy (for growth, movement and immune defence 
for instance) that may not be matched by the nutritional intake. This hypothesis needs to be 
explored in future study. 
In the adjusted analyses, gender (being a female in comparison to being male), birth weight, 
and socioeconomic status were found to be protective from stunting and infants of Indian or 
coloured origin had higher odds to be stunted (See Table 10). According to Slemming and 
colleagues (2017) there are several possible explanation for observed gender differences in 
the risk of stunting, one of which being that males have been found to grow more rapidly than 
females (Tanner and Tanner, 1990) and thus being more vulnerable to becoming 
undernourished (Eriksson et al., 2010). Infant birth weight, in particular low birth weight 
(<2.5kg) has been established as a determinant of child stunting (Black et al., 2013; Stein et 
al., 2010) and may also be related to maternal health and nutrition during pregnancy 
(Martorell and Zongrone, 2012). Higher socioeconomic status had been found to be 
independently associated with less risks for a child to be stunted across multiple societies and 
is also a proxy for maternal education (Monden and Smits, 2013; Abuya, Ciera and Kimani-
Murage, 2012). Higher socioeconomic status and improved maternal education may lead to 
improved health-seeking behaviours, improved feeding and hygiene behaviours (Black et al., 
2013) and hence a reduced risk of stunting.  
The above is also consistent with the reduction in the prevalence of stunting has been noted in 
parts of Asia, Mexico and South America, particularly Brazil, who associated a reduction in 
stunting with: increased purchasing power of low-income families, improved maternal 
education,  expanded toilet and water facilities; and the universalization of basic health care, 
including prenatal care (WHO, 2012). 
4.3.2 Prevalence of wasting at one and two years 
The United Nations estimate for wasting on the basis of the WHO Child Growth Standards 
was at 8% globally in 2011, a reported 11% decrease from 1990 (Black et al, 2013). The 
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prevalence of severe wasting in children under 5 years of age, in Africa specifically was 
reported at 3.9% in 2005 (Black et al, 2013). In this study, the prevalence of wasting was 
2.2% at one year and 4.8% and two years. According to SANHANES-1, the prevalence of 
wasting for children under 5 years of age in South Africa was 3% in 2016 (NDoh, 2017), a 
decrease compared to 4.5% in previous national survey in 2005 (Shisana et al., 2013). At a 
provincial level in South Africa certain provinces still have a high prevalence of wasting, 
particularly the North West Province (14.7%), Free State (11.5%) and the Northern 
Cape(13.1) (Zere & McIntyre, 2003; Shisana et al., 2013). The most recent prevalence of 
wasting in Gauteng was reported at 3.6% (Shisana et al., 2013) similar to the prevalence of 
wasting in this study, in the same area, more than 20 years later. Wasting puts children at a 
marked risk of mortality from infectious diseases such as diarrhoea, measles and pneumonia, 
and has resulted in approximately 800000 deaths in children under 5 years of age (Black et al, 
2013). It is clear that wasting remains, though at low prevalence and could probably be 
eradicated by the identification of the populations at risk and through a reinforcement of 
current nutrition policies and guidelines in those populations.  
 
4.4 Relationship between infant feeding practices and growth variables 
4.4.1 Duration of breastfeeding and height- for- age z- score and stunting 
In this study infants that were breastfed for a longer duration were found to have lower 
length/height for age z scores at 1 and 2 years old.  
Using the BT20 cohort, Gitau (2009) whose study focused on complementary feeding from 
one to two years of age observed an association between breastfeeding and infant growth at 
year two. There was a reduction in the odds of being stunted in infants that were breastfed for 
less than 6 months old .The same study found that 96% of infants were introduced to solid 
foods at less than 6 months old (Gitau, 2009). Using the same cohort, Mthimkulu (1996) 
described differences in the quality of complementary foods with and without continued 
breastfeeding. The study described that infants that were still receiving breastmilk at 6 
months were less likely to receive energy dense cereals or eggs and infants who were still 
receiving breastfeeds at 12 months were more likely to receive the maize meal as a 
complementary food (poor protein content) than those who had stopped breastfeeding 
(Mthimkulu, 1996). The above suggests that a longer duration of breastfeeding is more likely 
52 
 
to be accompanied by the complement of non-protein rich foods and hence may serve to 
explain the association between increased duration of breastfeeding and suboptimal growth.  
In agreement, a recent study by Mamabolo and colleagues (2004), conducted in Limpopo on 
infants from birth to age 12 months collected data on infant feeding practices and 
anthropometry. The study noted an early introduction of complementary feeds, with 17.2 % 
receiving porridge in the first month of life. A number of other studies have also found that in 
the urban and rural areas of South Africa infants are introduced to complementary foods at a 
very early age (Ellison, Wagstaff ,Cameron, de Wet, 1997; Westphal, Phillips, Irwig, 
1981;Delport , Becker, Bergh, 1997). The study by Mamabolo and colleagues (2004) 
suggested that early introduction of complementary feeds, such as maize meal and sorghum, 
provided the infants with “empty calories”; they were gaining weight due to the high 
carbohydrate content of the food, however lacking in nutrients and stunting was observed.  
The result of this study is in agreement with other studies that described a negative 
association between increased duration of breastfeeding and child growth (Ng’andua and 
Watts, 1990; Caulfield et al., 1996, Asenso-Okyere et al., 1997; Brennan et al, 2004; Foraita 
et al., 2008). Indeed, it has been shown that when infants are introduced to solids at too 
young an age, there is a possibility of negative effects on infant physical growth (Seward and 
Serdula, 1984). In a study conducted in Kalafong Hospital in Pretoria by Delport and 
colleagues (1997), a longer duration of breastfeeding was accompanied by the use of 
complementary feeds that comprised of poor protein content (e.g. maize meal). Nevertheless, 
Atsbeha, Nayga and Rickertsen (2015) questioned whether there was a true causal association 
between an increased duration of breastfeeding and a decrease in height-for-age z-score. The 
study stated that a negative association between duration of breastfeeding and child growth 
was found only when they did not control for the adequacy of complementary foods 
(Atsbeha, Nayga and Rickertsen, 2015). Once the study controlled for adequacy of 
complementary feeds, duration of breastfeeding had no effect on child growth (Atsbeha, 
Nayga and Rickertsen , 2015). Therefore the study concludes that adequacy, timing and 
quality of complementary feeds can create a downward bias on the estimated health effects of 
prolonged breastfeeding (Atsheba, Nayga and Rickertsen, 2015).  
By comparing Birth-to-Twenty results in the early 1990s and recent findings (Mamabolo et 
al, 2004; Sibeko et al, 2005; Mushapi et al, 2008) it is apparent that poor complementary 
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feeding was previously noted in the 1990s and that there has been no change a decade later. 
The above stresses the point that there may be poor knowledge or understanding amongst 
mothers and other primary caregivers in South Africa regarding the recommendations on 
infant feeding practices (most notably breastfeeding and complementary feeding practices). It 
stresses the importance of proper and efficient infant feeding nutrition education and 
promotion in all communities in South Africa.  
4.4.2 Age at introduction of solid and semi-solid foods and weight-for-height z-scores at 
two years 
A marginal association between age at introduction of solid and semi-solid foods and weight-
for height z-score was noted at two years in the bivariate analysis; the earlier the age of 
introduction to solid foods, the lower the weight-for-height z-score. However, this association 
was not significant in the multivariate analysis. 
Multiple studies have suggested varying reasons for this negative association (Delport, 1997; 
Gitau, 2009; Mamabolo et al., 2004). In a study by Qasem, Fenton & Friel (2015), it was 
reported that despite the WHO guidelines on breastfeeding and introduction of solid foods, 
the age range at which solids foods should be introduced is less clear and presents with a 
“weaning dilemma”. Following a period of exclusive breastfeeding, the window of 
introduction of complementary feeds is a time of vulnerability of the infant in terms of 
growth (Qasem, Fenton and Friel, 2015). Micronutrient deficiencies can occur during this 
window of time, in most part, due to the fact that the infant will have higher nutrient demands 
in comparison to their energy demands (Qasem, Fenton and Friel, 2015). Deficiencies of 
certain micronutrients may result negative effects on growth and brain development (Lozoff 
et al., 2006).  
A study by Imdad, Yakoob and Bhutta (2011) proposed that a reduction in weight due to 
early introduction of complementary feeds may be due, in part, to the quality and quantity of 
education of mothers regarding the practices of preparation and administration of 
complementary feeds to their infant. A systematic review of the literature showed that 
educational interventions for complementary feeding had a modest effect on weight and 
linear growth (Dewey et al., 2008) whereas another review demonstrated that the provision of 
complementary food with or without nutritional counselling was associated with a significant 
increase in linear growth (height), most notably in food insecure populations (Bhutta et al., 
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2008). These studies indicate that education alone regarding complementary feeding practices 
has only a small effect on complementary practices. 
The key disagreement against early introduction of complementary feeding is the increase in 
morbidity and mortality amongst infant, most notably in developing countries with poor 
sanitary conditions (Giugliani and Victora, 2000). The age at which infants are first given 
complementary feeds may put the child at risk of diarrheal disease from contaminated 
weaning foods and consequently cause a decrease in weight-for-height (Cohen, Brown and 
Dewey, 1994). Early consumption of complementary feeds also reduces the intake of 
breastmilk and consequently infants receive fewer protection factors in terms of their bodies’ 
immunity (Giugliani and Victora, 2000). Complementary feeds may also be a hazardous 
source of contamination for infants (Giugliani and Victora, 2000). A study conducted in Rio 
de Janeiro reported that hospitalization rates due to pneumonia were significantly higher in 
infants who received complementary foods before 6 months of life (Cesar et al., 1999), 
possibly highlighting that early introduction to complementary foods may cause the infant to 
be more susceptible to disease and infection. In other developing countries such as Ghana and 
India, the prevalence of diarrhoea, dysentery and fever was positively associated with 
complementary feeding in infants aged between 4 and 6 months (Lartey et al., 1999). 
Nutritional recommendations for infants also include delaying the complementation of certain 
foods that are highly allergenic e.g. cow’s milk which is said to be responsible for 20% of 
food allergies (Dewey, 2000), causing further adverse reactions, hospitalisation and weight 
loss. 
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5. Limitations of the Study 
In view of the findings of this study, it is important to consider the following limitations: 
 Missing Data - Due to the magnitude of a cohort (longitudinal study-participants lost 
to follow up), the propensity for missing data is much more likely. In this study, I 
overcame this limitation by running an analysis that compared participants included in 
the analytical sample (with data on infant feeding practices and growth) to 
participants without data on infant feeding practices and growth according to their 
demographic data and birth characteristics. This improved the understanding of 
whether the participants with data were a true representation of the full cohort.  
 Outdated Data - This study looks at data from the first two years of the Birth to 
Twenty Study (1990-1991). I acknowledge that the data is outdated and may no 
longer be relevant. However, in addition to informing on the complex relationship 
between infant feeding practices and growth, the rationale of looking at the BT20 data 
was also to create a baseline of information about infant feeding practices and growth 
against which current practices can be compared. 
 Broad Definition of Exposure Variables - The description of the exposure variables 
in this study (which centred on breastfeeding) needed to be more precise. This study 
was a secondary analysis, giving the way the data was collected it was not possible to 
assess exclusive breastfeeding rate or duration. 
 Recall Bias 
 The questionnaires used in this study rely on a recount of practices from the primary 
caregiver. This may have resulted in recall bias. A change in the caregiver attending 
the clinic may also have resulted in the recall of incorrect or inaccurate information. 
This was accounted for in the questionnaires, the same questions were asked 
repeatedly at different time points in order to account for any inaccuracies. 
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6. Strengths of the Study 
 Longitudinal Study - The Birth-to-Twenty Study is a longitudinal study, as such the 
participants have been followed up over an extended period of time which enriches 
the data. This also allowed for data on infant feeding practices and growth to be 
collected at one and two years of age in the 1990s in South Africa.  
 Large Sample Size – The Birth-to-Twenty Study was a cohort study with a large 
sample size, which enhances the statistical significance of the study and reduces the 
chances of random errors.  
 Adjusting for Confounders – In order to understand whether true association exists 
between the exposures and the outcomes, one must adjust for confounding variables. 
This was achieved in the study by running multilinear regressions, hence 
strengthening the validity of the results.  
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7. Conclusion and Recommendations 
7.1 Conclusion 
From this study it can be concluded that there is an association between infant feeding 
practices and growth at one and two years of age. The results of the study highlight the 
importance of the quality and duration of infant feeding practices; most notably breastfeeding 
and age at introduction of complementary foods. 
A negative association was observed between duration of breastfeeding and HAZ at one and 
two years. This study contributes to other studies that noted this association without 
accounting for the quality of complementary feeds given during the duration of breastfeeding. 
However, previous studies that looked at the association between complementary feeding and 
growth using the BT20 data did not find any statistically significant association (Gitau, 
2009). 
The negative association between age at introduction of solid and semi solid foods and 
stunting, serves to confirm that children in South Africa in the period 1990-1992 were 
receiving complementary foods at too young an age and that it may have resulted in sub 
optimal growth. This information provides a baseline form of evidence and information 
against which current infant feeding practices and growth can be compared to. 
7.2 Recommendations 
South Africa presents with a unique contrast in terms of infant feeding practices. This study 
described a prevalence of 93.7% of ever breastfed children. This is consistent with the study 
by Victora et al (2016), however exclusive breastfeeding was most recently reported at as low 
as 32% between 0-5 months (NDoH, 2017). This study (1990-1991) also noted that there has 
not been much change in the prevalence of stunting and wasting amongst one and two year 
olds over the past twenty years. There may be two possible reasons for this; (1) infant feeding 
policies and guidelines are not being adhered to or implemented in an accurate manner, (2) 
the variables used to collect data on breastfeeding practices lack sensitivity and specificity. 
58 
 
In light of point (1), it is recommended that further studies be conducted to evaluate the 
efficiency and effectiveness at which health care workers and the relevant stakeholders are 
implementing nutritional programs, whether our health care facilities are adhering to 
nutritional guidelines and policies and if mothers and primary caregivers are receiving quality 
education on infant feeding practices and adhere to practices. Identify the maternal barriers 
and enablers for adequate infant feeding practices and particularly exclusive breastfeeding. 
In light of point (2), this study used the ever-breastfed variable to determine the prevalence of 
breastfeeding. While this information is valuable, it highlights an over estimation of the 
prevalence of breastfeeding as it includes all infant the ever received breastmilk and doesn’t 
account for the quality and quantity of breastfeeding. It is recommended that future studies on 
infant feeding practices and growth, consider altering this variable to measure breastfeeding 
and exclusive breastfeeding with more accuracy. 
This study highlighted that covariates such as socioeconomic status, level or maternal 
education, and access to water, household density and ethnicity are implicated in the 
association between infant feeding practices and growth. It is therefore recommended that 
further studies be conducted to assess whether there is an association between the above co-
variates and growth.  
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9. Appendices 
Appendix A: Recruitment of study participants 
 
 
 
 
 
 
 
  
  
   
 
 
 
 
 
 
 
 
 
 
  
 
  
 
 
 
Flow diagram illustrating the recruitment of study participants in 1989 to 2000, and the 
enrolment criteria used to getting the final Birth to Twenty sample size 
(Adapter from Richter et al., 2007) 
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Appendix B: 6 Month Core Questionnaire 
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Appendix C: Year 1 Core Questionnaire 
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Appendix D: Year 2 Core Questionnaire 
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